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ABSTRACT 

 Encountering stressors, both chronic and acute, is ubiquitous to the human 

experience. From a layperson perspective, it should not be difficult to perceive whether 

someone is experiencing emotional stress: People rely on intuition to modify their 

interpersonal behavior in order to ensure smooth social interactions. From a research 

perspective, determining whether someone is experiencing an emotion is more complex. 

The majority of available evidence indicates that dimensions of emotional responding - 

physiological, psychological, and behavioral - are largely uncorrelated, which suggests 

potential moderators. This study addressed four specific aims: How are self-report (SR) 

and physiological experiences of stress associated? How well do people agree in their 

perceptions of others’ stress? What dimensions of stress – psychological or physiological, 

or both – do people perceive when evaluating others’ psychological states? What is the 

process by which people intuit others’ stress? Ninety participants (targets, n = 31 men) 

provided SR tension, autonomic physiology, and Interleukin-6 (IL-6) data in the context 

of the Trier Social Stress Test (TSST). Twenty observers across four conditions (n = 5 - 6 

per condition) accessed audio (30 s), video (30 s), or audio-video (~13 min and 30 s) 

variations of recordings made during the TSSTs, and research assistants coded target 

facial behavior. Among targets endorsing more depression symptoms, SR tension and IL-

6 were inversely correlated, and SR tension and RSA were positively correlated. Among 

targets endorsing less depression symptoms, SR tension and physiology were 

uncorrelated. Observers who accessed audio data (3 conditions) evidenced greater 

agreement than those who viewed silent video. Across all conditions, observer ratings of 
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target (ORT) tension were consistent with SR tension. ORT tension from the ~13 min 

audio-video condition predicted SR tension 90 min post-TSST after accounting for SR 

tension assessed immediately post-TSST. Associations among ORT tension and target 

physiology were variable: ORT from the 30 s audio-only condition (30A) predicted 

increases in IL-6, ORT from the ~13 min of audio-video condition (13AV) correlated 

positively with target IL-6 after accounting for SR tension, and ORT from the 30 s audio-

video condition (30AV) predicted vagal withdrawal. Visually-observable target behaviors 

were not correlated with ORT tension, SR tension, or target physiology.  
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1. BACKGROUND AND RATIONALE 

 Encountering stressors, both chronic and acute, is ubiquitous to the human 

experience. Humans experience a variety of psychological, physiological, and behavioral 

responses to stressors, which can exert positive or negative effects on wellbeing and 

health. Stress also plays a critical role in shaping interpersonal behavior: The experience 

of stress occurs within people and can be communicated between people (Sapolsky, 

2004; Uchino, Smith, Holt-Lunstad, Campo, & Reblin, 2007).  

 From a layperson perspective, it should not be difficult to perceive whether 

someone is experiencing emotional stress. People rely on these intuitions to modify their 

interpersonal behavior so as to ensure smooth social interactions. “The boss seems 

stressed today, maybe I’ll ask for that raise next week… My friend looks stressed about 

speaking up at the board meeting, maybe I’ll offer to help him prepare.” Data 

corroborate this notion: Laypeople’s assessments of others’ state and trait anxiety, 

personality and personality pathology, and relationship distress, converge with others’ 

self-reported (SR) psychological experiences (Fowler, Lilienfeld, & Patrick, 2009; 

Friedman, Oltmanns, & Turkheimer, 2007; Gosling, Ko, Mannarelli, & Morris, 2002; 

Harrigan, Wilson, & Rosenthal, 2004; Mason, Sbarra, & Mehl, 2010; Oltmanns, 

Friedman, Fiedler, & Turkheimer, 2004). These studies have found associations among 

laypeople’s assessments and others’ SR, but have not unpacked the process by which 

laypeople go about forming these impressions of others. Additionally, these studies rely 

largely on SR methods and not incorporated multi-method assessments, such as 

physiological and behavioral measures. Consequently, we do not know whether or how 
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laypeople’s perceptions correlate with information collected via other methods, such as 

physiological and behavioral data. 

 From a research perspective, determining whether someone is experiencing an 

emotion is more complex. The majority of available evidence indicates that different 

dimensions of emotional responding - physiological, psychological, and behavioral - are 

largely uncorrelated (Mauss, Levenson, Wilhelm, Mccarter, & Gross, 2005; Mauss & 

Robinson, 2009). This lack of convergence across measurement methods renders it 

difficult to reach a gold standard index of emotional responding. Why might this be? 

Dimensions of emotional responding may be truly distinct, or within-person associations 

among dimensions of emotional responding may depend on some third variable.  

 Investigating multiple indices of the stress response as constructs that unfold 

within people and that can be communicated between people speaks to questions about 

the diversity of within-person stress responding and between-person perceptual 

processes. This study comprises four overarching aims designed to further understand the 

stress experience as others perceive it and as people experience it - psychologically, 

behaviorally, and physiologically. The aims are to (1) unpack associations among 

psychological, physiological, and behavioral indices of stress; (2) establish how well 

people agree in their perceptions of others’ stress; (3) ascertain which dimensions of 

others’ stress (psychological, physiological, or both) people perceive; and (4) reveal 

behavioral cues to which people attend when intuiting others’ stress. 

To lay the framework for an investigation of these aims, I first review the stress 

response and the concept of response system coherence. I then outline the psychological, 



 15 

physiological, and behavioral correlates of stress used in the present study before 

explaining basic person-perception concepts and methodology. Finally, I provide an 

overview of the current study.  

The Stress Response 

 Traditional definitions of stress hold that stress involves a challenge to 

homeostasis, be it physical or psychological, that necessitates a response from the brain, 

which then activates the stress response (Sapolsky, 2004). The stress response, or 

allostasis, involves the release of physiological stress mediators (e.g., neurotransmitters, 

cytokines, and other hormones) with the goal of returning to homeostasis. Disruptions in 

allostasis lead to maladaptive effects of stress. Disruptions include failure to release stress 

mediators in response to a stressor, failure to stop their release when the challenge has 

passed, or overuse of the system can lead to allostatic overload, each can exert negative 

effects on health (McEwen, 2006). The failure of the stress response to stop when it is no 

longer needed (i.e., a challenge ends) results in chronic stress. Chronic stress can 

suppress immune function and has been linked with a plethora of negative health 

outcomes (Sapolsky, 2004) including depression (Hammen, 2005), susceptibility to the 

common cold (Cohen, Tyrrell, & Smith, 1991), coronary artery disease (CAD; Rozanski, 

Blumenthal, & Kaplan, 1999), autoimmune disorders (Grant, 1993), and changes in 

inflammatory and hormonal responding (Miller, Cohen, & Ritchey, 2002).  

Whereas chronic stress can be debilitating, acute (short-term) stress responses can 

be highly functional (Dhabhar & McEwen, 2006; Dhabhar & Viswanathan, 2005; Korte, 

Koolhaas, Wingfield, & McEwen, 2005; McEwen, 1998, 2004, 2008). Acute stress 
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responses, which enable people to navigate complexities and overcome obstacles, can 

enhance innate and adaptive immune responses. The type of immune response triggered 

by a given stressor determines if the stressor is associated with protective or pathological 

stress responses for the experiencer (Dhabhar, 2009). Thus, the term “stress” is 

multifaceted and can refer to adaptive and/or maladaptive constructs.  

Response System Coherence 

 As early as the 1950s, Hans Selye examined physiological correlates of 

psychological stress. His research paved the way for future investigation of three 

physiological systems involved in the stress response: the (autonomic) nervous, 

neuroendocrine, and immune systems (Selye, 1956). Following Selye’s research, many 

indices of physiology, such as cardiovascular reactivity, proinflammatory cytokines, and 

cortisol, have emerged as correlates of psychological stress (see Dickerson & Kemeny, 

2004; Dorn et al., 2007; Graham et al., 2006; Raison et al., 2006; Steptoe et al., 2007; 

Uchino et al., 2007). Although the conscious or felt experience of an emotion is often 

thought of as an orchestra of coordinated physiological and experiential responses, data 

suggest that these indices are not, or are only modestly, in tune (e.g., Mauss et al., 2005; 

Russell, 2003). Additionally, few data reveal correlations among autonomic indices of 

physiological function and SR emotional experience (see Mauss & Robinson, 2009 for a 

review). For example, Mauss and colleagues (2004) found that although people with high 

trait social anxiety (HTSA) reported more physiological activation and exhibited more 

anxious behavior in response to a speech performance task than low trait social anxiety 

(LTSA) participants, the groups did not differ in objective measures of physiological 
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responding. Mauss and colleagues (2005) found that SR sadness collected from people 

who watched a sadness-inducing video did not correlate with cardiovascular or somatic 

activity yet was significantly negatively correlated with skin conductance level (SCL). In 

a later review, Mauss and Robinson (2009) stated that the “experiential, physiological, 

and behavioral response systems are associated with unique sources of variance, which in 

turn limits the magnitude of convergence across measures” (p. 209). These authors 

concluded that there is no universal standard measure of emotional responding, and that 

research designs must incorporate multimodal assessments of psychological, 

physiological, and behavioral information.  

 Psychological stress. This project assesses psychological constructs tapping 

participants’ (targets’) acute psychological responses (e.g., in-the-moment tension) to a 

laboratory stressor and day-to-day emotional states (e.g., depression over the past two 

weeks). These data allow me to (1) examine associations among physiological, 

behavioral, and psychological responses to a laboratory stressor and (2) to ascertain if 

these associations vary according to a third variable, such as day-to-day depression 

symptoms. This project also asks observers to rate target emotional states (observer 

ratings), which allow for analyses of different dimensions of between-person 

communication of emotional states.  

 Depression. Stress and depression are distinct, yet highly correlated psychological 

constructs (Clark & Watson, 1991; Kessler, 1997; Mazure, 1998). Depression positively 

correlates with increased psychological and physiological stress, as well as the absence of 

a physical stress response in the face of a legitimate stressor (Sapolsky, 2004). One well-
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known link between stress and depression is corticotrophin-releasing hormone (CRH), 

which is secreted by the hypothalamus and acts on the HPA axis and sympathetic nervous 

system (SNS) to regulate hormonal responses to stress (Papanicolaou, Wilder, 

Manolagas, & Chrousos, 1998). CRH, which coordinates biological and behavioral 

responses to stress, activates and is activated by the cytokine IL-6, which has been shown 

to induce sickness behavior, which substantially overlaps with characteristic depression 

symptoms, such as anhedonia, anorexia, social withdrawal, and disordered sleep (Dantzer 

& Kelley, 2007). These cytokine-induced behaviors correlate with changes in serotonin, 

dopamine, and norepinephrine in areas of the brain involved in emotion regulation and 

detecting reward (Raison et al., 2006), which have long been foci of anti-depressant 

pharmacology, and research over the past decade have revealed positive associations 

between IL-6 and clinical depression (Alesci et al., 2005; Raison et al., 2006). Thus, it is 

important to assess depression when investigating the stress response.   

 Acute psychological stress. Various laboratory stressors (e.g., cold-pressor task, 

mental arithmetic) reliably induce transient changes in SR psychological states and have 

often been measured using brief instruments such as the Profiles of Mood States (POMS; 

e.g., Isowa, Ohira, & Murashima, 2004; Pace et al., 2009, 2010). The POMS taps 6 

dimensions of mood including tension, depression, anger, vigor, fatigue, and confusion 

(McNair, Lorr, & Droppleman, 1971). Several studies have examined associations among 

POMS subscales and physiology: In one investigation of associations among 

psychological states and β-adrenergic receptor responsiveness, the POMS tension-anxiety 

subscale accounted for more variability in β-adrenergic receptor density than any other 
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subscale (Yu, Dimsdale, & Mills, 1999). Other studies report positive associations 

between POMS distress scores and IL-6 (Pace et al., 2009; Poole, Hamer, Wawrzyniak, 

& Steptoe, 2011). Assessments of transient psychological states, in addition to other data 

(e.g., longer-term psychological states and stress physiology), diversity stress profiles.  

 Physiological stress. This project assesses autonomic and immunological 

measures of stress to explore (1) within-person (within-target) correlations among indices 

of stress responding and (2) between-person associations (target-observer) among target 

physiology and observer ratings. 

Interleukin 6 (IL-6). IL-6, a pro-inflammatory cytokine secreted in response to 

stressful situations that activates the hypothalamic-pituitary-adrenal (HPA) axis. IL-6 

stimulates the secretion of growth hormone, inhibits thyroid-stimulating hormone 

secretion, and decreases serum lipid concentrations (Papanicolaou et al., 1998). A 

growing body of literature links increases in IL-6 to a variety of negative health 

outcomes, including depression (Raison et al., 2006), cancer (Heikkilä et al., 2009), 

diabetes mellitus (Pradhan, Manson, Rifai, Buring, & Ridker, 2001), and heart disease, 

among others (Kiecolt-Glaser et al., 2003). Relatively brief psychological stressors, such 

as the ~20 min Trier Social Stress Test (TSST; (Kirschbaum, Pirke, & Hellhammer, 

1993) can instigate transient increases in IL-6 (Pace et al., 2009), which suggests that IL-

6 is an appropriate plasma index of physiological stress responding in laboratory 

experiments (Steptoe et al., 2007). 

Respiratory Sinus Arrhythmia (RSA). When at rest, inspiration temporarily 

suppresses the influence of the parasympathetic nervous system (PNS) influence on heart 
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rate (HR), which leads to an increase in HR. Expiration reinstates PNS influence on HR, 

which leads to a decrease in HR. RSA represents the resultant rhythmic variation in heart 

rate due to the respiratory cycle. As only cardiac PNS activity can covary with 

respiration, many researchers consider RSA to be entirely mediated by the PNS 

(Appelhans & Luecken, 2006; Bernardi, Porta, Gabutti, Spicuzza, & Sleight, 2001; 

Berntson, Cacioppo, & Quigley, 1993). RSA has been likened to a “vagal brake” to 

which we apply and withdraw pressure to meet metabolic demands, such as increased 

attention and information processing in response to external stimuli, and has been 

operationalized as an index of underlying emotion-regulation capacities abilities (e.g., 

Doussard-Roosevelt, Porges, Scanlon, Alemi, & Scanlon, 1997). RSA increases in 

response to demanding tasks, especially those involving social evaluation, may reflect 

self-regulatory effort: Data have shown that stressors involving social evaluative threat 

(e.g., TSST) elicit greater changes in RSA than non-evaluative tasks (Appelhans & 

Luecken, 2006; Bosch, Riese, Ormel, Verhulst, & Oldehinkel, 2009). RSA has been 

associated not only with self-regulatory processes (e.g., Porges, 1995) but also with 

cardiovascular disease and depression, among others (Rechlin, Weis, Spitzer, & Kaschka, 

1994; Rottenberg, 2007; Rottenberg, Clift, Bolden, & Salomon, 2007; Taylor, 2010).  

Although some data have related resting/baseline RSA to psychological health 

outcomes, such as depression (Salomon, 2005), data do not yet paint a coherent picture 

(Rottenberg, Chambers, Allen, & Manber, 2007). Some data show concurrently lower 

tonic RSA among depressed individuals than non-depressed individuals (see Rottenberg, 

2007), whereas other data do not show this association concurrently or prospectively 
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(e.g., Bosch et al., 2009; Conrad, Wilhelm, Roth, Spiegel, & Taylor, 2008; O’Connor, 

Allen, & Kaszniak, 2002). Associations among RSA reactivity in response to an 

environmental challenge (e.g., laboratory task) and various psychological states (e.g., 

depression), paint a clearer picture: Jönsson and Hansson-Sandsten (2008) found that 

people evidence greater acute increases in RSA in response to fear-relevant stimuli 

(relatively to positively-valenced stimuli), which authors attributed to increased attention 

to negatively-valenced stimuli. Rottenberg and colleagues (2007) found that depressed 

individuals showed modest increases in RSA during stressful speech and mirror-tracing 

tasks, whereas healthy controls showed task-related vagal withdrawal. Other data point to 

lower RSA reactivity as a predictor of subsequent depression and non-recovery from 

depression, and greater RSA reactivity as a buffer against the subsequent development of 

psychopathology (Chambers & Allen, 2002; El-Sheikh, Harger, & Whitson, 2001; 

Gentzler, Santucci, Kovacs, & Fox, 2009; Rottenberg, Salomon, Gross, & Gotlib, 2005). 

  Behavioral stress. Human behavioral responses to stress are many and are 

discussed in detail elsewhere (Billings & Moos, 1981; Taylor et al., 2000). This study is 

limited to analyses of observable facial behaviors assessed during the stress response to 

explore (1) within-target correlations among indices of stress responding and (2) 

between-person associations among observable target behaviors and observer ratings of 

targets.  

Facial behavior. The face is arguably the most complex communication source 

that humans have: It provides reliable cues about people’s emotions, personalities, 

moment-to-moment fluctuations in conversation, health, age, and other characteristics 
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(e.g., Russell et al., 1994). People exert some control over their facial behavior, especially 

in social situations, according to what have been termed display rules (Ekman & Friesen, 

1969). Self-regulatory mechanisms rooted in social desirability and social control 

processes may also prevent self-awareness of specific emotions (Scherer & Ceschi, 1993) 

leading people to be unaware of emotional states that produce specific facial expressions. 

Analyses of facial behavior can uncover emotional states that go beyond what the self - 

and likely what observers - can verbally report, as some data suggest that complex 

patterns of facial movement, such as facial mimicry, are automatic, reflex-like processes 

that may reflect less biased emotional states (e.g., Hatfield, Cacioppo, & Rapson, 1994). 

This study uses facial behavioral data collected via the Facial Action Coding System 

(FACS; Ekman & Friesen, 1978), the Computer Expression Recognition Toolbox 

(CERT; Bartlett et al., 2006), and two research assistants (RAs) coding gross facial 

behavior. 

Interpersonal Perception Methodology 

Humans are remarkable communicators of emotion, both intentionally and 

unintentionally. It follows that we are also excellent perceivers of others’ emotions and 

trait propensities. We often need less than 10 seconds to make nonrandom inferences 

about a variety of constructs, such as personality, sexual orientation, and future behavior 

(Weisbuch & Ambady, 2011). These rapid abilities to gather information about other 

people allow us to navigate complex social situations. Without the capacity to internalize 

information about a conversant and adapt our responses accordingly, we would not be 

able to carry on social interactions. This study focuses on the intuitions that people make 
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in the first seconds or minutes of observing another person in an acutely stressful social-

evaluative circumstance.  

Zero-acquaintance paradigms involve unacquainted individuals rating each other 

on any number of dimensions to assess how well observers infer various characteristics 

of others about whom they have little information (Albright, Kenny, & Malloy, 1988; 

Ambady, Hallahan, & Rosenthal, 1995). The short periods of time during which 

observers witness target information are referred to as thin slices, which are generally no 

longer than five minutes (Ambady, Bernieri, & Richeson, 2000). Thin slices of behavior 

can be derived from audio, video, written, or other forms of media. Observers can reach 

high levels of agreement amongst themselves (consensus) and with targets (self-other 

agreement) about a variety of target characteristics (Blackman & Funder, 1998; 

Borkenau, Mauer, Riemann, Spinath, & Angleitner, 2004; Oltmanns et al., 2004).  

Consensus. Relying on consensus, an index of observer agreement, as a sole 

indicator of an interpersonal process means that although observers may all agree that, for 

example, a circle is a square, they could all be incorrect. That is, if two observers agree 

about a dichotomous characteristic of a target (e.g., sex), they may both be incorrect, but 

if they disagree about the nature of this target, they cannot both be correct. It follows that 

consensus is necessary to assess agreement among observers and targets. When 

consensus is computed from data collected from observers exposed to identical target 

information, increases in the amount of information available to observers do not lead to 

increases in consensus (Borkenau & Liebler, 1992; Kenny, 1991). The present study 

assesses observer consensus about target stress as communicated through extended clips 
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(~13 min) of audio-video data and thin slices (~30 s) and of audio, video, and audio-

video data collected from targets. 

Self-other (observer-criterion) agreement in person perception. Observer-

criterion agreement refers to the degree to which observer ratings of target characteristics 

correlate with target criteria (e.g., target SR or physiology). Observer-criterion agreement 

is an extension of self-other agreement, which traditionally refers to correlations among 

observer ratings and target SR (Funder, 1999). Increases in amounts of information 

available to observers are associated with increases in traditional self-other agreement 

(e.g., Borkenau & Liebler, 1992; Colvin & Funder, 1991; Kenny, 1991). Hence, in 

addition to incorporating multiple thin slice modalities (e.g., silent film, photographs, 

audio recordings), researchers investigate the effects of information quantity on accurate 

perception by varying the quantity of information (e.g., 30 s, 5 min) provided to 

observers to (e.g., Ambady, Hallahan, & Conner, 1999; Ambady & Rosenthal, 1993; 

Borkenau & Liebler, 1992). This study goes beyond the traditional self-other agreement 

criterion (SR) by including target physiology, facial behaviors, and SR criteria. 

Additionally, this study exposed observers to target information via multiple channels 

(e.g., audio, video, and audio-video) and in varying quantities (30 s and ~13 min). 

The Brunswikian lens model. Brunswik’s (1956) lens model can pictorially 

capture many components of interpersonal perception (e.g., Borkenau & Liebler, 1992; 

Gosling et al., 2002). According to Brunswik (1956), target observable behaviors can be 

thought of as a lens through which observers indirectly perceive underlying target 

characteristics. For example, an observer may intuit target educational attainment after 
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reading a piece of a target’s writing. In this case, the piece of writing is the lens through 

which the observer peers when evaluating the target educational attainment. The 

correlation between a target’s actual level of the underlying construct (e.g., educational 

attainment) and various observable lens cues (e.g., proper spelling and grammar) 

represents the degree to which given cues validly indicate the underlying characteristic, 

and this correlation is termed cue validity. Similarly, the correlation between observer 

ratings of a target and observable lens cues represents the degree to which observers 

utilized these cues when perceiving the target, and this correlation is termed cue 

utilization. Target-observer consistency is a function of the degree to which cue validity 

and cue utilization correlations are both high, and correlating these two types of 

correlations results in a vector correlation. Modeling this study design with the 

Brunswikian lens model provides a visual overview of the statistical tests and potential 

associations among interpersonal perceptual processes. 

 Channels of information. Investigations of interpersonal perceptual processes 

expose observers to varying amounts and modalities of information about the targets they 

are asked to perceive. For example, many studies have exposed observers to snippets of 

target verbal (e.g., verbal sound or written words) and/or non-verbal behavior (e.g., non-

verbal sound and/or video) behavior (e.g., Ekman, Friesen, Sullivan, & Scherer, 1980; 

O’Sullivan, Ekman, Friesen, & Scherer, 1985), or even target behavioral residue 

(Gosling et al., 2002), defined as evidence of previous behavior in a given space. These 

study designs seek to uncover which channels of information leak the most information 

about a given target characteristic, be it personality (Back, Schmukle, & Egloff, 2008), 
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sexual orientation (Ambady et al., 1999), or internal states (see Ambady & Weisbuch, 

2010, for a review). 

 Observable cues in interpersonal perception. Empirically-based investigations 

of how people go about perceiving others’ stress responses have largely failed to identify 

a theoretically meaningful list of these behavioral cues (Zebrowitz & Collins, 1997). That 

is, researchers lack knowledge about how people go about forming impressions of others’ 

behaviors and internal states. Limited data shed light on observable cues that relate to 

people’s characteristics (e.g., personalities or depression symptomology; Gosling, Ko, 

Mannarelli, & Morris, 2002; Mehl, 2006) and some researchers have explored 

correlations between SR emotion and concurrent linguistic/facial behaviors (e.g., Zaki, 

Bolger, & Ochsner, 2009). Few data, however, speak to the degree to which observers 

rely on valid observable behavioral correlates of emotional responding when forming 

impressions of targets. This investigation will examine observable facial behavior as a 

potential source of valid behavioral cues of target stress.   

The Present Study 

 This study used data collected from (1) targets who provided physiological data, 

behavioral data, and SR data preceding, during, and following a TSST, and (2) observers 

who rated target stress in a person-perception design that incorporates multiple channels 

of information, to addresses four overarching aims (see Table 1). First, I examine 

associations among target SR and physiological stress. Second, I examine observer 

ratings to establish observer agreement about target stress in response to the TSST. Third, 

I ascertain which dimensions of target stress (psychological, physiological, or both) are 
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most consistent with observer ratings. Finally, I examine associations among target 

observable behavior, physiology, SR, and observer ratings to reveal (1) which target 

behaviors correlate with target SR and/or physiological stress, and (2) which target 

behaviors are associated with observer ratings of targets. Examining these correlations 

will reveal if observers utilized valid cues when forming their impressions of targets. 

Research Model 

 Three of the four study aims can be conceptualized using Brunswik’s (1956) lens 

model. Study aims are attached to arrows in Figure 1 and appended letters indicate sub-

questions nested within given aims.  

Table 1 

Study aims 

Aim # Specific Aim / Sub-question 
Aim 1 To unpack associations among target SR and stress physiology 
Aim 2 To evaluate observer consensus about target stress  
Aim 3 To ascertain which dimensions of target stress (psychological, physiological, or 

both) are congruent with observer ratings 
3a. Are observer ratings consistent with target physiology? 
3b. Are observer ratings consistent with target SR stress? 

Aim 4 To reveal behavioral cues that observers employ when intuiting target stress 
4a. Which target behavioral cues are associated with target SR stress? 
4b. Which target behavioral cues are associated with target physiology? 
4c. Which target behavioral cues do observers use when perceiving targets? 
4d. Do observers use valid behavioral cues of target SR stress? 
4e. Do observers utilize valid behavioral cues of target physiology? 
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Figure 1 

Brunswikian lens model of study aims and process. Numbers in the figure refer to the 

specific aims described in Table 1. 
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2. METHOD 

Participants and Study Design 

Targets completed their participation at Emory University as part of a larger 

study. Targets provided written informed consent, and the Emory University Institutional 

Review Board approved all study procedures. Observers rated target data at the 

University of Arizona. The Human Subjects Research and Institutional Review Board 

(IRB) at The University of Arizona (observers) approved all study procedures.  

Targets. Targets (N = 90, 31 men) were recruited from the community via 

electronic advertisements on Craigslist, a local (but widely distributed) electronic 

newspaper, online mass emails, and paper flyers posted throughout the Emory college 

campus near Atlanta, Georgia. Targets completed their participation at the Atlanta Clinical 

and Translational Science Institute at Emory University (CTSI) within a two-week 

timeframe in 2009. Targets (M age = 32.20 yrs, SD = 8.13 yrs) were medically healthy, 

psychiatrically stable, not obese, and had no history of significant psychiatric illness (i.e. 

schizophrenia, bipolar disorder or depression severe enough to warrant hospitalization) as 

determined by a psychiatrist certified by the American Board of Psychiatry and 

Neurology. The sample was racially diverse, with 54.40% (n = 49) describing themselves 

as Caucasian, 30.00% (n = 27) as African American, 12.20% (n = 11) as Asian, 1.10% (n 

= 1) as Pacific Islander, and 2.20% (n = 2) choosing not to provide race data. Potential 

targets were excluded at the beginning of the study for active psychiatric treatment 

(including psychotherapy and/or counseling) or for a score of 30 or greater on the 

Inventory of Depressive Symptoms-Self Report (IDS-SR), which is consistent with 
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moderate to severe depression (Rush, Carmody, & Reimitz, 1985). Targets were screened 

for medications known to influence the immune or neuroendocrine systems for a 

minimum of two weeks prior to their scheduled TSST. Targets were excluded from the 

study if they reported or demonstrated any signs of acute infection on the day of TSST 

administration.  

Observers. Observers (N = 22) were undergraduate psychology RAs at the 

University of Arizona who completed the CITI subjects training and furnished up-to-date 

certificates of their having done so. Observers were 17 females and 5 males (M age = 

22.17 yrs) and described themselves as 68.18% (n = 15) Caucasian, 22.72% (n = 5) 

Hispanic, and 9.10% (n = 2) Asian. Observers participated in this study in return for 

course credit (independent study), individual mentoring in statistics, help with resume or 

essay writing, and graduate application advising. Observers (in Arizona) and targets (in 

Georgia) had no contact at any time.  

Observers were assigned to the longest condition (13AV), in which they observed 

~13 min recordings of targets (audio and video), or conditions B (30V), C (30AV), or D 

(30A), in which they observed ~30 s thin slices of target information. Of the thin-slice 

conditions, 30V observed video only, 30AV observed audio and video, and 30A observed 

audio only. There was at least 1 male observer per condition. 

Target Procedures 

 Stress induction paradigm. Targets completed the TSST, a widely used 

procedure developed by Kirschbaum and colleagues (1993) that reliably elicits 

Hypothalamic Pituitary Adrenal (HPA) axis and cortisol responses in a laboratory setting. 
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The TSST elicits anxiety/stress responding by asking targets to spend 10 min preparing, 

and 5 min delivering, a speech delineating their qualifications for a future endeavor of 

their choice in front of a panel of “experts in behavioral analysis” while being video-

recorded for future “behavioral analysis.” After the ~5 min speech, targets complete a 5-

min mental arithmetic task. Dickerson and Kemeny (2004) posit that the social evaluative 

component of this speech task, in contrast to other laboratory tasks designed to elicit a 

physiological stress response, is especially potent in eliciting physiological stress 

responses in this paradigm.  

Targets who reported experiencing acute viral or bacterial infections close to their 

scheduled TSST were rescheduled, as infections compromise immune and stress responses 

measured during the task. Targets abstained from non-steroidal anti-inflammatory 

medications and aspirin for 72 hr prior to their TSST, as these medications interfere with 

the inflammatory response. Targets abstained from consuming alcohol during the 48 hr 

prior to their TSSTs. 

 Targets arrived at the Emory University Medical Center at 7:00 AM the morning of 

their scheduled TSST. Targets ate a low-fat breakfast and lunch, provided demographic 

data, completed various self-report (SR) items assessing physical and psychological health, 

and completed a Structured Clinical Diagnostic Interview (SCID; First, Gibbon, Spitzer, & 

Williams, 1996) and a general interview (see Table 2). After a 30-min period of rest, a 

“receptionist” RA connected electrodes and other apparatus to the participant (see 

measures) before bringing the participant into the testing room. TSSTs took place between 

1:00 PM and 2:00 PM, and were conducted individually. See Table 2 for TSST timeline 
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and discrete data collection time points (continuous data collection time segments detailed 

under measures). Targets completed the Profiles of Mood States (POMS; McNair et al., 

1971) four times throughout their participation, and their physiological activity was 

assessed at various times throughout the study. 

 In the testing room, a panel of “behavioral experts,” (three RAs wearing white 

coats and holding clipboards) awaited the target. These RAs had not previously interacted 

with the target in any capacity, and appeared emotionless throughout the procedure (e.g., 

behavioral experts did not smile or otherwise emote in response to the target). One RA 

was designated as the “chairperson” who provided verbal instructions to the target. Upon 

entering the testing room, the target was able to see a video camera that he or she was 

informed would be recording the target for purposes of “future behavioral analysis that is 

highly predictive of future success.” The target was instructed to look at the camera at all 

times. These video recordings provided the files that were later used for observer ratings. 

As soon as the target was standing in front of, and looking at, the camera, the chairperson 

read aloud instructions for the speech task (APPENDIX A). These instructions differed 

slightly across targets: Instructions were tailored such that each target presented an 

argument for why they should be considered for an occupation or educational program in 

which they had previously expressed interest during an interview (see Table 2 for study 

timeline).  

The target was told that he or she would have 10 min to prepare a speech in an 

adjacent room, but were actually given approximately 7-8 min to do so. The target was 

left alone to prepare with writing materials (which they could not use notes during their 
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speeches). After the preparation period, the panel returned and the target was instructed 

to begin his or her speech. If a target completed his or her speech early, the chairperson 

used one of several standardized prompts, such as “please continue, you have more time” 

or “please continue,” or may have interrogated the target about the content of his or her 

speech by saying, “you said x. Please tell me more about how x qualifies you for the 

position.” After the speech task, the chairperson read instructions for a serial subtraction 

arithmetic task, in which targets were told to subtract the number 13 from the number 

3083 as quickly and as accurately as possible. When a target made a mistake, the 

chairperson told the target to start over (from the number 3083). After attempting this 

arithmetic task for 5 min, the target was escorted out of the testing room.  

Table 2 

Trier Social Stress Test (TSST) timeline and listing of discrete physical and psychological 

measurements 

 Time Segment/ Time Point Measure 
7:00 AM  Target arrival 
7:15   Target eats low-fat breakfast 
7:30   Target completes self-report measures: POMS, PSS, 

demographics, future ambitions 
8:30   Structured Clinical Diagnostic Interview (SCID) 
10:30   Target eats low-fat lunch 
11:15   Biolog attached to target 
11:45  Biolog begins recording 
11:45 

Initial Physiological 
Measurement 

Intravenous line placement  
Interview 11:55  

12:00 PM 
12:01  
12:20 
12:20 Pre-Baseline 1 Resting period 
12:50 
12:50  Baseline 1 BP, HR, IL-6 (1 of 3) 
12:55  
12:55 Pre-Baseline 2 POMS (1 of 4) 
13:05  Baseline 2 BP, HR 
13:10 
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13:10   Target enters TSST testing room 
13:12 TSST Instruction 

Delivery 
Chairperson introduces TSST 

13:18  TSST Speech 
Preparation 

Panel departs testing room, target prepares speech 

13:25 Pre-TSST BP, HR 
13:28 
13:30 TSST Speech & Math TSST Speech delivery, Math Instructions, Math task 
13:40   TSST End 
13:40 Post-TSST 1 BP, HR 
13:43 
13:45 Post-TSST 2 POMS (2 of 4) 
13:47  Target departs TSST testing room 
13:55  Post-TSST 3 BP, HR 
13:58 
14:10  Post-TSST 4 BP, HR 
14:13 
14:25 Post-TSST 5 BP, HR 
14:28 
14:55 Post-TSST 6 BP, HR, IL-6 (2 of 3) 
14:58 
14:58  POMS (3 of 4) 
15:25 Post-TSST 7 BP, HR 
15:28 
15:55 Post-TSST 8 BP, HR 
15:58 
16:25 Post-TSST 9 BP, HR 
16:28 
16:55 Post-TSST 10 BP, HR, IL-6 (3 of 3) 
16:58 
16:58  POMS (4 of 4) 
17:00  Debriefing 

Note. POMS = Profiles of Mood States; PSS = Perceived Stress Scale; BP = Blood Pressure, HR = Heart 
Rate, IL-6 = Interleukin-6.  
 
Observer Procedures 

 Observer ratings. Observers provided basic demographic data (see observers, 

above) and were then randomly assigned one of four observer ratings of targets (ORT) 

conditions. All conditions observed target data as described above. Observers accessed 

and observed the video and audio files on the computers in the Laboratory for Social 

Connectedness and Health at the University of Arizona. Observers completed their 

participation in quiet areas and used headphones to listen to videos and sound files, if 
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applicable. Prior to rating targets, observers familiarized themselves with the rating 

criteria and had opportunities to clarify any confusion with the principal investigator. For 

each file, observers first read a paper copy of the rating criteria, then watched and/or 

listened to the file, and then completed an electronic copy of the rating criteria on an 

online database. To prevent fatigue, observers in conditions 30V, 30AV, and 30 rated no 

more than 20 files per sitting, and observers 13AV rated no more than 4 files per sitting. 

Files were counter-balanced across observers.  

Stimuli preparation. Target videos (files) were edited for each study condition. 

To create stimuli for 13AV, an RA checked each file to ensure audio and video data for 

the entire recording, and target files were left intact. To create stimuli for the thin-slice 

conditions (30V, 30AV, and 30A), an RA used Apple iMovie software to digitally cut the 

first 30 s of each file. The slow-motion feature of this application allowed the RA to cut 

the file immediately prior to each target’s first uttered word. The prepared 30 s files were 

used for FACS, CERT, and gross-behavioral coding.  

Measures 

Target SR. Targets reported on a number of demographic variables, including 

age, race/ethnicity, sex, height, and weight. Targets completed clinical and general 

interviews in addition to other SR measures throughout the study (see Table 2).  

Structured Clinical Interview for the DSM-IV (SCID-I; First et al., 1996). 

Targets completed a SCID interview to screen for exclusionary psychopathology (see 

above).  
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Interview. Targets reported any illnesses they experienced during the previous 

week, if they were taking any prescription, non-prescription, or street drugs, how much 

sleep they obtained the previous two nights, what time they went to bed the night prior to 

their TSST, if they had consumed alcohol in the previous 48 hr, how many cigarettes they 

had smoked the morning of their TSST, what (if any) physical exercise they completed 

the morning of their TSST, their college major (if applicable), their current occupation, 

and their future educational or career plans. Women were also asked if they take oral 

contraception and the dates of their two previous menstrual cycles.  

Profile of Mood States (POMS). Targets completed the 30-item POMS (McNair 

et al., 1971), which assesses subjective, transient affective mood states (APPENDIX B). 

Targets completed the POMS four times over the course of the study (see Table 2). The 

POMS contains six subscales tapping specific affective states: (1) tension (2) vigor, (3) 

depression, (4) fatigue, (5) anger, and (6) confusion. Items from each subscale are 

computed as sums (except in the case of confusion, where four items are summed, one is 

subtracted, and 4 points are added). Greater scores indicate more state intensity (e.g., more 

tension). The primary POMS variable in this study, POMS tension (SR tension), comprised 

the following items: Tense, shaky, uneasy, nervous, and anxious. Internal consistencies for 

the POMS subscales varied considerably across subscale and across measurement 

occasions. See Table 3.  
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Table 3 

POMS Subscale Internal Consistency 

Occasion Tension Depression Anger Vigor Fatigue Confusion 
Pre-TSST .81 .51 .76 .90 .80 .23 
Post-TSST .84 .57 .78 .96 .78 .54 
90-min Post-TSST .65 .71 .69 .95 .78 -.23 
150 min Post-TSST .64 .59 .65 .94 .87 -.26 

 
Perceived Stress Scale (PSS). Targets completed the 14-item PSS (Cohen, 

Kamarck, & Mermelstein, 1983) which taps the degree to which individuals believe 

situations in their day-to-day lives to be stressful (APPENDIX C). The scale does not tap 

specific events, but rather focuses on the degree to which people experience their lives as 

unpredictable, uncontrollable, or overloading. The PSS is scored by reversing scores (0:4, 

1:3, 2:2, etc.) on the seven positive items (4, 5, 6, 7, 9, 10 and 13) and then summing across 

all items, with greater scores indicating greater perceived stress. PSS reliability in this 

sample was strong (α = .88).  

 Beck Depression Inventory (BDI). The BDI is a 21-item inventory that gauges 

depression symptomology (Beck, Steer, & Garbin, 1988). It is a single scale that is 

calculated as the mean of all items, with higher scores indicating more depression 

symptoms. One target was an extreme outlier and was removed, as his/her score was 

more than 200% greater than the next highest score (this did not impact study findings). 

As this was not a clinical sample, BDI data were positively skewed, with 30.70% (n = 27) 

endorsing no depression symptomology. BDI scores were log-transformed to correct for 
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skew (after adding a value of 1 to original values of 0). For the present sample, the mean 

BDI score was 3.57 (SD = 3.84, range = 0 to 141). 

Target physiology. Physiology was collected from targets prior to, during, and 

following the TSST. See Table 2 and Table 4 for data collection schedules.  

Heart-rate variability (HRV). Electrocardiogram and respiratory rate data were 

continuously measured prior to, during, and following the TSST using a 3991x/2-EIS 

Biolog ambulatory data recording system fitted with a respiration belt that participants 

wore across their upper chests. RAs used NuPrep exfoliant to prepare three areas of 

targets’ skin prior to attaching three Ag – AgCl gel-free electrodes. These areas were: (1) 

top of collarbone at base of neck (2) 6-7 in below the armpit on the left side between v6 

and v7 ribs, and (3) on the right shoulder blade bone (ground).  

 HRV was collected in the low frequency (LF) band (0.06-0.10 Hz) and quantified 

into 5-min segments that correspond with the time segments listed in Table 4 using 

CardioBatch software (Brain-Body Center, University of Illinois at Chicago).    

 Respiratory Sinus Arrhythmia (RSA). Collaborators at the University of Illinois 

at Chicago derived RSA from the edited heart period via CardioBatch software, which 

employs the Porges method (Porges, 1985) to compute RSA. This method uses a time-

frequency algorithm to quantify RSA amplitude with age-specific parameters, which are 

sensitive to the maturational shifts in the frequency of spontaneous breathing. To obtain 

RSA values, research assistants completed the following steps: (1) timed R-R intervals to 

the nearest ms to produce a time series of sequential hart periods, (2) re-sampled 

                                                
1 BDI total score from outlier removed from BDI analysis was 32. 



 39 

sequential heart periods into 250 ms intervals, yielding time-based data, (3) de-trended 

the time series by a 51-point cubic moving polynomial that was stepped through the data 

to create a smooth template that is then subtracted from the original time-based series to 

generate a de-trended residual series (4) bandpassed the de-trended time series to restrict 

variance in the heart period pattern associated with spontaneous breathing (range of 0.12-

0.40 Hz includes the range of spontaneous breathing for a wide age range of participants), 

and (5) calculated the natural logarithm of the variance of the bandpassed time series as a 

measure of the amplitude of RSA (Riniolo & Porges, 2000).  

Table 4 
 
Data segmentation for respiratory sinus arrhythmia (RSA) 
 

Measurement Occasion Segment 
1 Initial Measurement 
2 Pre-Baseline 1 
3 Baseline 1 
4 Pre-Baseline 2 
5 Baseline 2 
6 TSST Instruction Delivery 
7 TSST Speech Preparation 
8 Pre-TSST 
9 TSST Speech & Math 

10 Post-TSST 1 
11 Post-TSST 2 

Note. Each segment comprises approximately five min of data. 
 
 Blood pressure (BP). Systolic blood pressure (SBP) and diastolic blood pressure 

(DBP) were manually assessed by RAs at ~15-min intervals (see Table 2 for 

measurement schedule). Targets were seated for all twelve measurements.  
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Heart Rate (HR). HR was manually assessed by RAs at ~15-min intervals (see 

Table 2 for measurement schedule). Targets were seated for all twelve measurements.  

 Interleukin-6 (IL-6). RAs collected 14 ml of blood from targets immediately 

preceding the TSST, 90 min post-TSST, and 210 min post-TSST. The assessment period 

was selected based on data showing that IL-6 plasma concentrations continue to rise 

several hours following the TSST event (e.g., Pace et al., 2006). 

Target behavior. Target video data (files) were analyzed with the following 

behavioral coding protocols.  

Facial Action Coding System (FACS). The FACS is a comprehensive, 

anatomically-based method for measuring visibly discernable facial movement and is a 

well-validated method of measuring facial expression of emotion and communication 

(Ekman & Rosenberg, 2005). Ekman and Friesen (1978) derived the FACS from analyses 

of the anatomical bases of facial movement. They analyzed not only various facial 

muscles but also the degree to which these muscles fire independently, if these 

independent firings result in an observable facial appearance, etc. The FACS focuses 

primarily on facial movements to the exclusion of other important aspects of the face 

(e.g., textural elements including flushing and sweating). Faces are coded across 46 facial 

action units (AUs), or facial muscle movements that comprise one or more facial 

muscles. Combinations of AUs correlate with indices of emotion, for example, anger is 

associated with AU 4 (brow lower) + AU 5 (eyes widen) + AU 7 (lid tighten) + AU 23 

(lip tighten).  
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The prepared 30 s files were sent to the University of California-Davis Center for 

Mind and Brain, where two trained FACS coders analyzed each file. Files were randomly 

assigned to each coder, with a 30% overlap across coders to ensure intercoder agreement 

of at least .80, after which the remaining files were evenly divided between the coders.  

Gross behavioral coding. The principal investigator trained two RAs at the 

University of Arizona to code a variety of target behavior observable in the 30 s audio-

video files (see Table 5). Both RAs coded all files, and the average intraclass correlation 

(ICC [2, k]) across all categories was .80.  

Table 5 

Gross behavioral coding categories and intraclass correlations (ICC [2,k]) 

ICC (2,k) Description Measurement Schedule 
.71 Eye contact avoidance Presence (0=absent, 1=present) 
.80 Lip smacker Presence (0=absent, 1=present) 
.69 Head nodding Presence (0=absent, 1=present) 
.86 Many verbal non-fluencies Presence (0=absent, 1=present) 
.91 Eyebrow furrow Count 
.96 Eyebrow raise Count 
.69 Look up Count 
.83 Head tilt Count 
.81 Exaggerated swallow Count 
.84 Unilateral facial twitch Count 
.83 Lip purse Count 
.96 Lip lick Count 
.71 Apologizes Count 
.69 Nervous laughter Count 
.73 Head movement Degree (1=none, 2=some, 3=much) 

.69 - .96 Range Range 
.80 Average Average 

Note. Values represent average measures ICCs.  
 



 42 

 Computer Expression Recognition Toolbox (CERT). The CERT (Bartlett, 

Littlewort, & Vural, 2007) is a software tool designed to process real-time facial 

expressions and output data across 19 facial AUs as well as 8 prototypical facial 

expressions defined in the FACS (See Figure 2 and Table 6). The CERT also estimates 

three-dimensional orientation of the head (yaw, pitch, and roll) and the locations of 10 

facial features. The CERT achieved an average recognition performance of 90.10% when 

analyzing facial expressions in a database of posed facial expressions and 80.00% when 

analyzing a spontaneous facial expression dataset. In this sample, the CERT processed 

video images at a rate of 30 frames per sec, meaning that each 30 s file yielded 

approximately 900 data points. The CERT outputs data as binary detectors expressed in a 

degree of confidence, which can be considered log-odd estimates. In the case of binary 

variables (gender, presence of glasses, and presence of smile) larger negative values 

indicate “absent” and larger positive values indicate “present.” In the case of AU and 

emotion data, larger values indicate greater intensity and likelihood of being present, and 

negative values indicate likelihood of absence. Average values on outputted variables 

(e.g., AUs, AU combinations, and facial expressions) vary across person and context; 

hence all values were standardized within target (subtracting mean and dividing by the 

standard deviation across all 900 data points for a given variable).  
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Table 6 

Nineteen AUs, 2 AU combinations, and 8 prototypical emotions coded by the CERT 

Individual AUs AU Combinations Emotion 

Action Unit Description Action Unit 
Combination Description Description 

1 Inner brow raise 1 + 1 + 4 Distress Brow 1. Anger 
2 Outer brow raise 1 + 2 + 4 Fear Brow 2. Contempt 
4 Brow lower   3. Disgust 
5 Eye widen   4. Fear 
6 Cheek raise   5. Joy 
7 Lid tighten   6. Sad 
9 Nose wrinkle   7. Surprise 

10* Upper lip raiser   8. Neutral 
12* Lip corner depress    
14* Dimpler    
15 Lip corner depress    
17 Chin raise    
18 Lip pucker    
20 Lip stretch    
23 Lip tighten    
24 Lip press    
25 Lips part    
26 Jaw drop    
28 Lips suck    
45 Eye blink / closure    

Note. Each column represents a category of codes. Final column contains 8 coded emotions.  
* Indicates also coded unilaterally.  
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Figure 2 

Sample Action Units (AUs) coded by the Computer Expression Recognition Toolbox 

(CERT) 

 
Note. Photograph used with permission from Gwen Littlewort (University of California, San Diego).  

 
 Observer ratings of targets (ORT). Observers rated each target on a variety of 

items adapted or designed to directly tap target stress responses.  

 ORT-stress items. Several items were designed for the purpose of this study to tap 

various dimensions of target stress responses. See Table 7 for selected items. Reliability 

analyses for these items revealed strong internal consistencies for each condition (13AV 

[α = .96], 30V [α = .97], 30AV [α = .98], and 30A [α = .97]). A stress composite (ORT 

stress), derived from these 5 items, served as one overall index of stress responding 

(ORT-stress index). I computed this variable by averaging these five items within each 

observer and then averaging across observers within each condition. See Table 13 for 

observer agreement on this composite, by condition. 
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Table 7 

ORT Stress Items 

Item Keyword Item 

Stress level How stressed do you think this person felt? 

Physical symptoms How much do you think this person was feeling physical symptoms of 
stress (e.g., racing heart, sweaty/hot flashes)? 

Recover How quickly do you think this person will recover following this task? 

Stressed course task How much do you think the person felt more stressed as the task went on? 

Comparison How much more stressed do you think this person felt during this task in 
comparison to how stressed you think this person usually feels? 

ORT stress (index) Index of stress level, physical symptoms, recover, stressed course task, and 
comparison 

 
Profiles of Mood States (POMS), modified. Observers completed a modified 

version of the POMS asking them to rate target stress immediately following the TSST. 

Observer instructions varied across the two study arms: Observers in 13AV rated how the 

target felt “following the entire activity” whereas observers in the thin-slice conditions 

(30V, 30AV, 30A) rated how the target felt “following this entire activity, which lasts 

about 10 more minutes and involves a 5-minute math performance task following the 5-

minute speech (of which you saw a segment).” Scores were computed in the same manner 

as the POMS completed by targets, and subscale scores were computed by condition, 

(i.e., 13AV tension, 30V tension). See APPENDIX D.   

Perceived Stress Scale (PSS), modified. Observers completed a modified 4-item 

version of the PSS (Cohen & Williamson, 1987; see Table 8). Items were modified such 

that observers rated their perceptions of target SR stress in day-to-day life (e.g., “How 

often does this person feel that things are going his or her way?”). 
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Table 8 

Perceived Stress Scale (PSS), modified 

Number Item 

PSS1 How often does this person feel that he or she is unable to control the 
important things in his or her life?  

PSS4 How often does this person feel confident about his or her ability to handle his 
or her personal problems?  

PSS2 How often does this person feel that things are going his or her way?  

PSS3 How often does this person feel that difficulties are piling up so high that he or 
she cannot overcome them?  
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3. RESULTS 

Statistical Methodology 

Inter-observer Agreement (Consensus). To assess observer agreement about 

target stress, I estimated interrater reliability using ICCs. The ICC reflects the proportion 

of total variance accounted for by the variance between targets. All observers in each 

condition rated the same targets, and according to Shrout and Fleiss (1979), when a study 

design involves all targets being rated by the same observers, the equation for calculating 

ICC(2,k) is:  

ICC(2,k) = .         BMS – EMS           . 
        BMS + (OMS – EMS)/n             

    
where BMS is the between-targets mean square (SS/DF for targets), OMS is the between-

observers mean square (SS/DF for observers), EMS is the residual sum of squares, k is 

the number of observers, and n is the number of targets being observed. In this 

formulation, the average-measures ICC for 13AV and 30AV is ICC(2,5), and the ICC for 

30V and 30A is ICC(2,6). These are comparable to Cronbach’s Alpha (see Ambady & 

Rosenthal, 1997; Rosenthal, 1987). I also report ICC(2,1), which represents the 

consistency of a single observer is if he or she were the sole rater. 

Multiple linear regression (MLR) models. To build each MLR, I added 

variables singly in a stepwise fashion, giving causal priority to particular covariates (e.g. 

an earlier measurement of the outcome variable).  

Multilevel (MLM) regression models. To fit a MLM for a given outcome 

variable, I completed the following steps (reassessing model fit after each step): (1) 

model outcome from a fixed and random intercept (2) add a fixed time parameter; (3) 
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allow time parameter to vary randomly, (3) apply theoretically-applicable covariance 

structures (e.g., unstructured, autoregressive, heterogeneous autoregressive), and (4) add 

relevant covariates. I recoded time such that the first measurement occasion was always 0 

(i.e., 0, 1, 2), which allowed the intercept to reflect the association between variables of 

interest and the first outcome measurement of interest. I used a chi-square likelihood ratio 

test (all models fitted using Maximum Likelihood estimation) to compare the -2 Log 

Likelihood (-2LL) values across models by subtracting the -2LL from the base model 

from the -2LL from the new model ([-2LLold] – [-2LLnew]) and calculating the change in 

degrees of freedom ([DFnew] – [DFold]). A chi-square table details the -2LL change 

necessary for a given DF to represent a significant model improvement. I also assessed 

the degree to which each model explained additional variability among intercepts [UN 

(1,1)] and slopes [UN (2,2)] by calculating the percentage reduction after each model 

refinement [(NewUN (1,1) – OldUN (1,1))/NewUN (1,1)]. I evaluated autoregressive, 

heterogeneous autoregressive, and unstructured covariance parameters for those models 

where time parameters varied randomly. I applied a Scaled-Identity (ID) covariance 

structure [equivalent to Variance Components (VC)] to all random intercept models. This 

structure assumes constant variance and no correlation among random components, as 

there are no random components other than the intercept. 

Basic multilevel growth model equations, where TIMEij represents the Level 1 

temporal predictor appear in Table 9. After fitting each model, I added time-invariant 

covariates (COVj), such as body mass index (BMI), age, and gender. I then added L1 

and/or L2 covariates of interest, such as ORT (ORTij). 
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Table 9 

Multilevel growth models predicting target physiology over time 

Model Type Equation 
Fixed (GLM) Outcomei = b0 + b1(TIMEi) + ei 
Random Intercept Outcomeij = (b0 + u0j) + b1(TIMEij) + eij 
Random Slope Outcomeij = b0 + (b1+ u1j)(TIMEij) + eij 
Random Intercept, 
Random Slope 

Outcomeij = (b0 + u0j) +(b1+ u1j)(TIMEij) + eij 

Note. b0 = Mean intercept across all targets and all times; uxj = Random variance for parameter x; i = time;  
j = target.  
 
Aim 1: To assess if target SR stress is consistent with target stress physiology.  

Criterion Analyses 

Correlations. To assess associations among the two criterion measures of 

interest, target SR and target physiology, I computed (1) bivariate and partial correlations 

among (as indexed by the POMS tension subscale and henceforth referred to as SR 

tension) and IL-6, SBP, RSA, and HR, and (2) correlations among SR tension and 

changes in these physiological variables over time.  

As shown in Table 10, partial correlations (accounting for target BMI, gender, 

and age) reduced, and in many cases eliminated, associations between SR tension and 

physiology. SR tension was significantly inversely correlated with two indices of target 

stress physiology: Greater SR tension (both pre- and post-TSST) was inversely correlated 

with (1) IL-6 values at baseline and 90 min post-TSST, regardless of covariate inclusion, 

and (2) SBP at the second baseline measurement, although including covariates 

eliminated these correlations. Greater SR tension pre-TSST was positively correlated 

with RSA immediately preceding the TSST and at TSST onset (peak RSA), although 

including covariates eliminated the latter correlation. The associations among these three 
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indices of stress physiology lent some construct validity to an overall assessment of target 

stress physiology: In these data, greater SR tension tended toward an inverse pattern of 

associations with target stress physiology2. 

                                                
2 The single exception was HR: Although peak HR was positively associated with target 
SR pre-TSST, including covariates eliminated this correlation. 
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Table 10 

Correlations among SR tension and target physiology (partial correlations in 

parentheses account for target BMI, gender, and age) 

  
SR Tension Measurement Occasion 

 Pre-TSST  0 min post-
TSST  90 min post-

TSST  210 min post-
TSST 

IL-6        
   Baseline -.32** (-.29**)  -.28** (-.29**)  -.05 (-.04)  .14 (.15) 
   + 90 Min -.22* (-.18)  -.32** (-.35**)  -.11 (-.10)  .12 (.12) 
   + 210 Min -.18 (-.17)  -.18 (-.20)  -.14 (-.13)  -.22* (-.23*) 
   Δ IL-6 -.04 (-.04)  -.09 (-.11)  -.11 (-.10)  -.17 (-.18) 
SBP        
   Baseline 2 -.20†† (-.15)  -.23* (-.20)  .00 (.01)  -.15 (-.12) 
   Peak -.07 (-.01)  -.07 (-.00)  .06 (.09)  -.02 (.04) 
   Δ SBP .10 (.11)  .15 (.18)  .12 (.12)  .13 (.15) 
RSA        
   Baseline 2 .20 (.20)  .07 (.07)  .10 (.09)  -.04 (-.04) 
   ♯Pre-TSST .28* (.28*)  .04 (.04)  -.02 (-.02)  -.03 (-.02) 
   ♯Peak^ .31* (.13)  .01 (.03)  -.02 (.05)  -.01 (-.13) 
   Δ RSA 1 .17 (-.02)  .05 (.06)  .03 (.01)  .03 (-.09) 
   Δ RSA 2 .21 (-.05)  -.03 (-.02)  -.08 (-.12)  .04 (-.10) 
HR        
   Baseline 2 .11 (.03)  -.10 (-.13)  .09 (.08)  .13 (.09) 
   Peak .21* (.12)  .01 (-.01)  .21† (.20)  .18 (.15) 
   Δ HR .19 (.14)  .11 (.13)  .20†† (.20††)  .13 (.13) 

* p < .01  ** p < .05 
† p < .06 †† p < .07 
 
Note. ^ = Target began speaking; IL-6 = Interleukin 6; SBP = Systolic Blood Pressure; Baseline 2 = Second 
baseline measurement; RSA = Respiratory Sinus Arrhythmia; HR = Heart Rate; Peak = Post TSST 1; Δ 
SBP = (Post-TSST 1 – baseline 2); Δ IL-6 = (210 min – baseline); Δ RSA 1 = (Peak – instruction delivery); 
Δ RSA 2 = (Peak – baseline 2); Δ HR (Peak – baseline 2). Boxes enclose values of interest. 
♯RSA values for Pre-TSST were collected while targets were seated and waiting quietly to deliver their 
TSST speeches (after having prepared the speeches; n = 80). Peak RSA values were taken while targets 
were standing and began their speeches, and these values were therefore impacted by altered breathing 
patterns due to speech (and errors in respiratory rate data collection; n = 62). Pre-TSST correlations may 
therefore be more meaningful.  
 

Regressions. To unpack correlations among indices of physiology and target SR 

(Table 10) that remained after accounting for target covariates (IL-6 and RSA), I 



 52 

regressed target IL-6 and RSA onto target SR collected pre-TSST and 0 min, 90 min, 

and/or 210 min post-TSST in a series of MLRs and MLMs3.  

 IL-6. As shown in Figure 3, targets evidenced increases in IL-6 over the course of 

the three assessments. The final MLM prior to adding variables of interest was a random 

intercept, random slope model that included linear and quadratic time parameters (linear 

parameter allowed to vary randomly), as well as target BMI, age, and gender. Adding an 

autoregressive parameter did not improve model fit. See Table 2 (Model 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
3SBP was associated with SR tension prior to the TSST, but this correlation diminished 
after accounting for target BMI, gender, and age. Further analysis within MLRs and 
MLMs did not yield additional significant associations. 
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Figure 3 

IL-6 values at the mean and +/- 1 standard deviation above and below means across 

three measurement periods 

 
 

 
To further explore the above correlations between SR tension and IL-6, I included 

an inventory of depression symptoms, the BDI, as a potential moderator4. People 

reporting symptoms of depression often find it difficult to psychologically engage with 

                                                
4 As this was not a clinical sample, BDI scores largely fell below the clinical range. One 
extreme outlier was omitted to keep the entire range of depressive symptoms within 
normal levels (see measures); however, results remain unchanged when this target is 
included. BDI was log-transformed prior to analysis to attenuate positive skew (after 
adding 1 to all scores to remove values of 0). 
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their surroundings. Here, targets who endorsed more depression symptoms may not have 

felt psychologically activated by the TSST. It is possible that SR tension assessed 

immediately following the TSST (henceforth referred to as TSST-related tension5) tapped 

targets’ feelings of engagement with the TSST task. Multilevel analysis revealed a 

significant interaction between target BDI and TSST-related tension on IL-6 in addition 

to an inverse association between TSST-related tension and IL-6 (Table 11 (Model 2) and 

Figure 4) after accounting for the main effects of each variable. Deconstruction of the 

interaction term revealed that target depression symptoms significantly moderated an 

association between TSST-related tension and IL-6 such that among targets endorsing 

more (+1 SD) depression symptoms, TSST-related tension was further significantly 

inversely correlated with physiology (p < .00), but among those endorsing fewer (-1 SD; 

most often none) depression symptoms, there was no additional association between 

TSST-related tension and physiology (p = .40). Thus, among targets endorsing more 

depression symptomatology, those who reported less TSST-related tension evidenced 

greater IL-6 intercepts (than those who reported more TSST-related tension).  

 

                                                
5 TSST-related tension was assessed most proximally to the TSST task (the next 
measurement was 90 min later), hence this momentary assessment of experienced tension 
is most representative of TSST-related psychological experience.  
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Figure 4 

Moderating effect of target SR depression symptoms on an association between TSST-

related tension and IL-6 intercepts6 

 

                                                
6 See figure in APPENDIX E for a plot of this interaction at each measurement occasion. 
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Table 11 

MLM analyses predicting target physiology from theoretically-related variables and 

target SR 

 
 

Outcome  b SE df t p -2LL 
(Model) 

df 
(Model) 

M
od

el
 1

 IL-6 
(3-pt) 
 

Intercept 1.07 0.12 92.01 9.13 .00   
Time 0.17 0.19 127.40 0.86 .39   
Time2 0.30 0.08 83.15 3.55 .00   
BMI 0.04 0.04 82.71 1.02 .31   
Age 0.03 0.01 82.58 1.86 .07   

 Gender 0.08 0.12 82.66 0.68 .50 749.28 10 

M
od

el
 2

 

IL-6 
(3-pt IL-
6) 

Intercept 1.09 0.11 92.37 9.76 .00   
Time 0.17 0.19 126.34 0.89 .37   
Time2 0.30 0.09 82.40 3.47 .00   
BMI  0.04 0.04 82.61 1.12 .27   
Age 0.03 0.01 82.43 2.47 .02   
Gender 0.08 0.11 82.54 0.67 .51   
SR tension post-
TSST (L2) -0.09 0.03 82.67 -3.34 .00   

BDI 0.02 0.26 82.40 0.09 .93   
BDI × SR tension 
post-TSST 

-0.14 0.07 82.52 -2.19 .03 729.46 13 

 
RSA. See Figure 5 for trajectories of RSA and HRV over time7. I examined 

changes in RSA during the acute phase on the TSST (Figure 5, solid red-lined box) in a 

random-intercept model that included linear and quadratic time parameters, as well as 

target BMI, age, and gender. See Table 12 (Model 3).  

 
 

                                                
7 Due to the similarity in trajectories of RSA and HRV, RSA analyses are reported here.  
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Figure 5 
 
Means and standard deviations above and below means of RSA and LF HRV 
 

 
 

To further explore the possibility that target depression symptomology and TSST-
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depression symptomology (e.g., Rechlin, Weis, Spitzer, & Kaschka, 1994), I regressed 

RSA onto this interaction term. Multilevel analysis revealed a significant interaction 

between TSST-related tension and depression symptomology on RSA after accounting 

for the main effects of each variable. See Table 12 (Model 4). Deconstruction of this 

interaction revealed that target depression symptoms significantly moderated an 

association between TSST-related tension and RSA such that among targets endorsing 

more (+1 SD) depression symptoms, those reporting greater TSST-related tension, which 

may index psychological engagement with the task, evidenced greater RSA at each 

occasion (p = .032). Among those endorsing fewer (-1 SD; most often 0) depression 

symptoms, there was no association between TSST-related tension and physiology (p = 

.1108).  

 

 

 

 

 

 

 

 

 

 
                                                
8 Although NS, those who reported fewer depressive symptoms and greater TSST-related 
tension evidenced lower RSA (greater vagal withdrawal). 
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Figure 6 

Moderating effect of target SR depression symptoms on an association between target 

RSA intercepts and TSST-related tension 
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Table 12 

MLM regressions predicting RSA from theoretically-related covariates and BDI 

 
Outcome  b SE df t p -2LL 

(Model) 
df 

(Model) 

M
od

el
 3

 
 

RSA 
(3-pt) 

Intercept 6.09 0.15 180.53 40.93 .00   
Time 0.93 0.34 144.29 2.70 .01   
Time2 -0.49 0.17 144.52 -2.94 .00   
BMI -0.07 0.04 79.20 -1.66 .10   
Age -0.05 0.01 77.19 -3.44 .00   
Gender -0.06 0.12 81.64 -0.51 .61 688.24 8 

M
od

el
 4

 

RSA 
(3-pt) 

Intercept 6.07 0.15 183.52 41.08 .00   
Time 0.93 0.35 141.80 2.65 .01   
Time2 -0.49 0.17 142.05 -2.87 .00   
BMI -0.05 0.04 75.64 -1.38 .17   
Age -0.06 0.01 73.55 -4.25 .00   
Gender -0.03 0.11 78.24 -0.26 .80   
TSST-related 
tension (L2) 0.01 0.03 79.25 0.23 .82   

BDI -0.02 0.26 78.50 -0.09 .92   
BDI × TSST-
related tension 
(L2) 

0.18 0.07 80.88 2.60 .01 673.23 11 

 
Summary. These multilevel regression analyses suggest that among targets endorsing 

more depression symptomology, those reporting less TSST-related tension evidenced 

increases in IL-6 values at each occasion relative to those reporting more TSST-related 

tension. Among targets endorsing more depression symptomology, those reporting more 

TSST-related tension evidenced increases in RSA values at each occasion relative to 

those reporting less TSST-related tension.  

Aim 2: To evaluate observer consensus about target stress. 

Consensus Analyses 

See Table 13 for ICCs across all conditions for all ORT stress items, ORT POMS 

subscales, and ORT PSS items. See ICCs for each POMS item in APPENDIX F. Overall, 
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observers who accessed the most information (13AV) reached higher levels of agreement 

than those who accessed less information (thin-slice conditions). Observers who accessed 

greatest amount of both audio and video data (13AV; ~13 min) evidenced the greatest 

agreement (α = .82, on average). Observers who accessed 30 s of audio and video or 30 s 

of audio data only evidenced less agreement (αs = .75, on average). Observers who 

accessed only 30 s of video data only evidenced the least agreement (α = .65, on 

average). In sum, target audio data emerged as a common factor among greater levels 

observer agreement: Observers who accessed the least target audio data showed the least 

agreement, whereas observers who accessed the most audio data agreed the most.  
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Table 13 

Intraclass correlations (ICC [2, k]) for observer ratings, ICC (2, 1) in parentheses 

 ORT by Condition 
 13AV  30V  30AV  30A 
ORT Stress Items        
   Stress level .83 (.50)  .72 (.30)  .77 (.40)  .78 (.37) 
   Physical symptoms .81 (.46)  .69 (.27)  .78 (.42)  .76 (.35) 
   Recover .80 (.45)  .73 (.31)  .76 (.38)  .77 (.36) 
   Stressed course task .80 (.45)  .75 (.37)  .81 (.46)  .76 (.35) 
   Comparison .74 (.37)  .63 (.22)  .68 (.30)  .70 (.28) 
   Stress (composite) .90 (.65)  .80 (.40)  .87 (.56)  .85 (.48) 
Profiles of Mood States (POMS) Subscales        
   Tension .84 (.50)  .66 (.24)  .82 (.48)  .83 (.45) 
   Depression .86 (.55)  .65 (.24)  .78 (.42)  .74 (.33) 
   Anger .86 (.54)  .14 (.03)  .36 (.10)  .36 (.08) 
   Vigor .72 (.34)  .77 (.35)  .83 (.50)  .83 (.46) 
   Fatigue .82 (.48)  .45 (.12)  .60 (.23)  .73 (.31) 
   Confusion .89 (.61)  .74 (.32)  .85 (.54)  .84 (.47) 
Perceived Stress Scale (PSS) .82 (.47)  .69 (.27)  .80 (.44)  .82 (.43) 
Average .82 (.49)  .65 (.26)  .75 (.40)  .75 (.36) 
Note. Conditions labeled as follows: 13AV = Full length, full video; 30A = Thin-slice, silent video; 30AV 
= Thin-slice, full video; and 30A = Thin-slice, sound only. 
 
Aim 3: To ascertain which dimensions of target stress (psychological, physiological, 

or both) are congruent with observer ratings. 

Observer-Criterion Correlations 

To assess what aspects of target stress observers perceived, I computed bivariate 

and partial correlations among target SR, target physiology, and the ORT variables.  

ORT and target SR. For each condition, I assessed the degrees to which ORT 

correlated with TSST-related tension (SR tension 0 min post-TSST) by computing 

bivariate correlations among ORT and target SR. To prepare ORT data, I computed the 

ORT POMS subscales, PSS index, and stress index for each observer by standardizing 
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each subscale for each observer, and averaging across observers in each condition. I 

standardized the 5 ORT stress items individually and computed their average as the ORT 

stress index variable. To assess observer-criterion agreement for ORT on a given item, I 

correlated ORT tension, ORT stress, and variables that comprised the ORT stress index 

with corresponding target SR data (i.e., target SR on that item). See Table 14 (ORT 

variables along the vertical axis, and target SR along the horizontal axis) for correlations 

among ORT and target SR variables for all observer conditions. For items 1 thru 7, the 

diagonal represents direct correlations between target POMS subscales and ORT POMS 

subscales. Items 8 thru 13 contain correlations between target POMS subscales and the 5 

variables that comprise the ORT stress index (henceforth referred to as ORT stress). 

Boxes enclose precise comparisons (e.g., SR tension and ORT tension). Across all 

conditions, observers and targets demonstrated significant agreement about TSST-related 

tension. 
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Table 14 

Correlations among ORT (by condition) and TSST-related tension (SR tension 0 min 

post-TSST) 

 
13AV TSST-related Tension (targets) 
Criterion Measure (Observers) 1 2 3 4 5 6 7 BDI 
 1. POMS tension .26* .06 .08 .18 .03 .21 -.01 -.08 
2. POMS depression .24* .11 .17 .27** -.09 .24* -.05 -.02 
3. POMS anger -.08 -.01 -.03 .10 -.19 -.01 -.04 -.04 
4. POMS fatigue .12 .05 .17 .22* -.04 .16 -.05 -.01 
5. POMS vigor -.03 -.02 -.12 -.12 .08 -.06 .09 -.09 
6. POMS confusion .00 .08 .08 .18 -.01 .17 -.13 .05 

7. 4-item PSS .14 .08 .09 .18 -.18 .19 -.06 -.02 
8. Stress level .19 .06 .14 .16 -.01 .23* -.17 -.06 
9. Physical symptoms .23* .08 .13 .18 .02 .22* -.10 -.13 
10. Recover .14 .05 .12 .20 -.11 .19 -.13 -.05 
11. Stressed course Task .10 .05 .11 .22* .01 .19 -.18 -.08 
12. Comparison .12 -.01 .12 .15 .09 .16 -.13 -.08 
13. Stress (index) .17 .05 .18 .20 -.01 .21* -.15 -.09 
 
30V TSST-related Tension (targets) 
Criterion Measure (Observers) 1 2 3 4 5 6 7 BDI 
 1. POMS tension .32** .02 .09 .15 -.18 .14 .16 -.02 
2. POMS depression .19 .03 -.08 .12 -.11 .09 -.00 .04 
3. POMS anger .10 -.12 -.00 .25* -.03 .01 -.04 -.08 
4. POMS fatigue .21* -.02 -.06 .12 -.11 .07 .04 -.01 
5. POMS vigor -.00 .13 .05 .10 .05 -.01 .12 -.09 
6. POMS confusion .17 .05 .08 .06 -.14 .09 .03 .06 

7. 4-item PSS .18 .05 .01 .00 -.14 .07 .04 .15 
8. Stress level .21* .04 .12 .10 -.18 .09 .02 .11 
9. Physical symptoms .23* .02 .13 .15 -.19 .09 .06 .08 
10. Recover .17 .01 .08 .01 -.16 .07 .07 .18 
11. Stressed course Task .13 .12 .16 .11 -.20 .13 .02 .12 
12. Comparison .16 -.01 .09 .09 -.21* .08 .12 .00 
13. Stress (index) .20 .04 .12 .09 -.20 .10 .06 .11 
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Table 14 (continued) 

 
30AV TSST-related Tension (Targets) 
Criterion Measure (Observers) 1 2 3 4 5 6 7 BDI 
 1. POMS tension .34** .04 .29** .16 -.20 .30** .08 -.01 
2. POMS depression .19 .07 .24* .11 -.21* .23* -.01 .09 
3. POMS anger -.07 .03 .16 .09 -.19 .09 -.17 -.04 
4. POMS fatigue .28** .04 .13 .12 -.14 .20 .02 .19 
5. POMS vigor -.13 -.08 -.04 -.05 .06 -.09 .07 -.06 
6. POMS confusion .23* .06 .18 .10 -.19 .19 .04 .11 

7. 4-item PSS .22* .03 .13 .06 -.18 .17 .00 .08 
8. Stress level .25* .02 .20 .07 -.16 .21* .05 .06 
9. Physical symptoms .25* .09 .24* .05 -.12 .23* .04 .09 
10. Recover .20 .08 .22* .05 -.17 .19 .01 .10 
11. Stressed course Task .13 .13 .14 .02 -.22* .19 .00 .02 
12. Comparison .21 .01 .23* .04 -.30** .28** .07 .07 
13. Stress (index) .22* .07 .23* .04 -.20 .23* .03 .07 
 
30A TSST-related Tension (Targets) 
Criterion Measure (Observers) 1 2 3 4 5 6 7 BDI 
 1. POMS tension .28** .06 .12 -.02 -.03 .23* .06 -.13 
2. POMS depression .27* .14 .14 .05 -.05 .22* -.02 .07 
3. POMS anger -.07 .21* -.01 .12 -.16 .02 -.04 .21* 
4. POMS fatigue .15 .06 .11 .08 -.12 .18 .10 .45** 
5. POMS vigor -.25* -.09 -.06 -.08 .19 -.18 -.08 -.20 

6. POMS confusion .22* .04 .10 .02 -.16 .16 .03 .01 

7. 4-item PSS .27* .02 .09 -.01 -.05 .22* .05 .07 
8. Stress level .25* .00 .08 -.04 .01 .15 .06 -.14 
9. Physical symptoms .15 -.03 .04 -.10 -.00 .14 .01 -.14 
10. Recover .21* .01 .08 -.07 -.05 .22* -.04 -.02 
11. Stressed course task .24* .08 .14 .01 -.15 .25* .04 -.12 
12. Comparison .24* -.16 .03 -.06 .02 .06 -.01 -.20 
13. Stress (index) .23* -.01 .13 -.05 -.05 .18 .01 -.13 
* p < .05  ** p < .01 
Note. ORT represented by vertical categories, target SR represented by horizontal categories. Boxed 
correlations indicate direct comparisons between target ratings (e.g., POMS tension) and observer ratings 
(e.g., POMS tension, adapted). Item Recover reverse scored.  
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To further explore the correlations between SR tension throughout the 

measurement period and ORT tension, I correlated ORT tension with the remaining SR 

tension measurements (pre-TSST, 90 min post-TSST, and 210 min post-TSST; Table 15). 

Across all conditions, ORT were positively correlated with TSST-related tension (but not 

SR tension assessed pre-TSST): Observers accessed target information collected during 

the TSST and were asked to rate target psychological states post-TSST, so this pattern of 

results is reasonable. Targets completed the pre-TSST SR before they were informed of 

the TSST task ahead, hence their pre-TSST SR values do not reflect their psychological 

states as a result of any knowledge of, or participation in, the stressful TSST task. Results 

for 90 min post-TSST were largely similar to 0 min post-TSST, excepting 30V.  

Table 15 

Correlations among ORT tension by condition and SR tension at all measurement 

occasions 

Criterion Measure ORT Tension Variables 
(SR Tension) 13AV 30V 30AV 30A 
Pre-TSST -.05 .07 .01 .09 
0 min post-TSST (TSST-related tension) .26* .32** .34** .28** 
90 min post-TSST .31** .09 .24* .24* 
210 min post-TSST .23* .01 .10 .07 

 
Given the high correlation among ORT tension and ORT stress (r = .90, p = .000) and to 

explore how the ORT stress variable may differ in its associations with SR tension, I 

replicated Table 15 for the ORT stress variable. As shown in Table 16, correlations 

among ORT stress and SR tension across all measurement periods were largely consistent 

with, but not as strong as, those for ORT tension.  
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Table 16 

Correlations among ORT stress and SR tension across all measurement occasions 

Criterion Measure ORT Stress, by condition 
(SR tension) 13AV 30V 30AV 30A 
Pre-TSST -.13 -.01 .02 .08 
0 min post-TSST (TSST-related tension) .17 .20 .22* .23* 
90 min post-TSST .28** .05 .17 .23* 
210 min post-TSST .18 .01 .04 .01 

 
ORT tension and target physiology. Correlations among ORT and target 

physiology for each condition appear in Table 17. As shown, several correlations were 

contingent upon the inclusion of target covariates (BMI, gender, and age) and/or SR 

tension collected at various occasions.  

13AV tension. 13AV was positively correlated with IL-6 responses at baseline 

and 90 min post-TSST only after accounting for SR tension pre-TSST and TSST-related 

tension, respectively9. 

30V tension. 30V was inversely correlated with target HR both (1) after 

accounting for target covariates, and (2) after accounting for target covariates and TSST-

related tension.  

30A tension. 30AV was inversely directly correlated with target RSA, and this 

association held after accounting for both target covariates and SR tension pre-TSST and 

TSST-related tension. Substantively, 30AV observers rated targets evidencing greater 

                                                
9 Simple correlations among age, BMI, gender, and the four indices of IL-6 were non-
significant (not shown), although age approached significant associations with baseline 
IL-6 (r = .20, p = .062) and 90 min post-TSST IL-6 (r = .21, p = .053). Baseline and 90 
min post-TSST IL-6 were, however, significantly correlated with target SR pre-TSST (r 
= -.32, p < .001) and TSST-related tension (r = -.32, p < .001), respectively (Table 10). 
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vagal withdrawal as more tense, and the significance of both bivariate and partial 

correlations suggest that although this model may be affected by some degree of 

suppression, 30AV may have accounted for meaningful variance in IL-6.  

30A tension. In general, 30A was inversely correlated with IL-6. 30A was nearly 

significantly inversely correlated with baseline IL-6, and this association became 

significant after accounting for target covariates. 30A was significantly inversely 

associated with 90 min and 210 min post-TSST IL-6, and this finding held after 

accounting for target covariates. This finding also held after accounting for SR tension 90 

min post-TSST in addition to target covariates. With or without accounting for target 

covariates or SR, 30A was nearly significantly inversely correlated with target peak HR, 

and significantly inversely correlated with increases in HR (from baseline to peak). See 

Table 17. 
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Table 17 

Correlations among ORT tension and target physiology (columns 1), partial correlations 

among ORT and target physiology accounting for target covariates (BMI, gender, and 

age; columns 2), and partial correlations among ORT and target physiology accounting 

for target covariates and SR tension (columns 3), by ORT condition 

 ORT by Condition 
 13AV 30V 30AV 30A 
Covariate 1 2 3 1 2 3 1 2 3 1 2 3 
 BMI - X X - X X - X X - X X 
 SR Tension 
Post-TSST - - X - - X - - X - - X 

Target Physiology            
IL-6             
  Baseline B .21† .20 .30* -.11 -.09 .00 -.12 -.17 -.08 -.20†† -.24* -.17 
  + 90 Min T .12 .11 .25* -.21† -.21†† -.12 -.16 -.24* -.14 -.24* -.28* -.20 
  + 90 Min N - - .16 - - -.20 - - -.22† - - -.27* 
  + 210 Min F .08 .06 .11 .00 .00 .01 -.05 -.08 -.05 -.26* -.27* -.25* 
  Δ IL-6 T .02 .01 .05 .02 .01 .05 -.01 -.02 .01 -.20†† -.19 -.17 
SBP             
  Baseline 2 B .07 .04 .05 -.18 -.13 -.13 -.07 .00 .00 -.06 -.08 -.07 
  Peak T .19 .16 .17 -.03 .01 .01 -.07 .03 .03 .03 .03 .03 
  Δ SBP T .16 .15 .10 .09 .10 .05 -.04 .01 -.05 .07 .09 .03 
RSA             
  Baseline 2 B -.16 -.07 -.07 -.13 -.11 -.13 -.24* -.21 -.23† -.23† -.20 -.23† 
  Pre-TSST T -.23* -.15 -.16 -.13 -.14 -.16 -.27* -.23† -.25* -.16 -.13 -.14 
  Peak^ T -.04 -.02 -.03 .07 -.03 -.04 -.18 -.21 -.24 -.16 -.19 -.22 
  Δ RSA 1T .02 .00 -.02 .08 .00 -.03 -.04 -.08 -.11 -.06 -.10 -.13 
  Δ RSA 2 T .10 .07 .08 .16 .07 .09 -.02 -.04 -.03 -.02 -.06 -.05 
HR             
  Baseline 2 B .05 .09 .09 -.05 -.12 -.12 .00 -.03 -.03 -.06 -.06 -.06 
  Peak T .12 .15 .16 -.16 -.24* -.26* -.15 -.15 -.15 -.21† -.20†† -.21† 
  Δ HR T .12 .12 .08 -.18 -.24* -.30** -.20† -.18 -.25* -.23* -.23* -.29* 
* p < .01  ** p < .05 
† p ≤ .06 †† ≤ p .07 
 
Note. B = Column 3 accounts for SR tension pre-TSST; T = Column 3 accounts for TSST-related tension (0 
min post-TSST); N = Column 3 accounts for SR tension 90 min post-TSST; F = Column 3 accounts for SR 
tension 210 min post-TSST. See also Table 10 note.  
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Observer-Criterion Regression Models 

The current study design allowed for multiple measurements of target physiology 

and target SR. I therefore computed a series MLRs and MLMs to unpack associations 

among ORT, target SR, and target physiology both within-occasion and over the course 

of the study period. I used the correlation tables above (Table 14 and Table 17) to guide 

model testing: If correlations between (1) target physiology and SR tension, (2) target 

physiology and ORT, or (3) SR tension and ORT, were significantly different from zero, 

and, when applicable, yielded significant patterns across more than one measurement, I 

further explored these particular associations. See Table 18 for measurements collected 

and examined in these analyses. 

Table 18 

Number of measurements for SR Tension and indices of target physiology 

# Measurements Taken Measurements Examined Index 
4 2 SR Tension (POMS)* 
3 3 Interleukin 6 (IL-6) 

11 3 Respiratory Sinus Arrhythmia (RSA) 
12 2 Heart Rate (HR) 
12 4 Systolic Blood Pressure (SBP) 

* Note. Pre-TSST assessment omitted, as observers were asked to rate target psychological states 
immediately (0 min) following the TSST (TSST-related tension). The third (90 min post-TSST) and final 
(210 min post-TSST) SR tension assessments were nearly identical, hence residual analyses predicted the 
third assessment only. See Figure 7. 
 
 
 
 



 71 

Figure 7 
 
 SR tension over four assessments   

 
 
 

   
Note. Average SR tension per assessment in black. Data points for analysis in red box. 
 

Outcome: SR tension. Inspection of Figure 7 reveals that targets reported 

sizeable changes in SR tension between 0 min post-TSST (TSST-related tension; M = 

5.13, SD = 3.88) and 90 min post-TSST (M = 0.80, SD = 1.40) assessments (see solid red 

box), and relatively little change from the 90 min post-TSST assessment to the 210 min 

post-TSST (M = 0.74, SD = 1.38) assessment. Hence, I examined how ORT predicted 

variation in SR tension from immediately following the task to a subsequent recovery 

period using hierarchical linear regression (Table 19, Model 5). Cohen, Cohen, West, & 
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Aiken (2003) state that residualizing for an earlier time point (T1) by including T1 when 

predicting T2 is a statistically superior method of assessing pre-post change to using 

simple change scores (p. 570). Hence, I included TSST-related tension as a covariate 

predicting SR tension assessed 90 min post-TSST prior to adding variables of interest 

(See Model 5).  

Predictor: ORT tension. As reported in Table 15, all ORT variables were 

significantly correlated with TSST-related tension. Accounting for target SR depression 

(as indexed by the BDI) did not impact patterns of findings for the following residualized 

regression analyses for ORT tension.  

13AV tension. 13AV tension significantly predicted SR tension 90 min post-

TSST. This finding held also after accounting for TSST-related tension (0 min post-

TSST; Table 19, Model 6). Thus, observers who accessed the target data from the entire 

TSST task (both audio and video components) made ratings of targets that were 

consistent with TSST-related tension (Table 15), 90 min post-TSST (Table 19), and 90 

min post-TSST after accounting for TSST-related tension (Table 19)10. 13AV tension did 

not interact with TSST-related tension to predict SR tension 90 min post-TSST. Given 

this finding, I then assessed whether 13AV predicted SR tension 90 min post-TSST after 

accounting for target physiology (IL-6) in addition to TSST-related tension. 13AV again 

emerged a significant predictor (Table 19, Model 7).  

                                                
10 Model maintained temporal direction: Model did not hold when 90 min post-TSST and 
TSST-related tension were reversed (b = 0.75, SE(b) = 0.51, t(87) = 1.47, p = .145). 
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30V, 30AV, and 30A tension. 30V11, 30AV12, and 30A13, did not predict SR 

tension 90 min post-TSST after accounting for TSST-related tension. 30AV14 and 30A15, 

however, predicted SR tension 90 min post-TST when not accounting for TSST-related 

tension. None of these variables predicted SR tension 90 min post-TSST after including 

indices of target physiology. 

Table 19 

MLR predicting SR tension 90 min post-TSST from TSST-related tension and 13AV 

tension 

 Outcome  Model Parameters  b SE t p Adjusted 
R-square 

ΔR 
square 

M
od

el
 5

 
 

SR Tension 
90 min post-
TSST16 

Intercept 0.05 0.23 0.24 .81   

TSST-related  
SR tension 0.15 0.04 4.12 .00 .15 .16 

M
od

el
 6

 

SR Tension 
90 min post-
TSST 

Intercept 0.80 0.13 6.00 .00   
TSST-related  
SR tension 0.13 0.04 0.35 .00   

13AV 0.39 0.18 0.22 .03 .19 .04 

M
od

el
 7

 

SR Tension 
90 min post-
TSST 

Intercept 0.87 0.24 3.59 .00   
TSST-related  
SR tension 0.11 0.04 2.73 .01   

Baseline IL-6 0.08 0.23 0.36 .72   
90 min post-TSST IL-6 -0.09 0.20 -0.47 .64   
13AV 0.45 0.20 2.21 .03 .17 .21 

Note. Model 7 maximum VIF = 1.07. Model 8 maximum VIF = 2.91. Significance of 13AV tension term 
for Model 8 does not change when Baseline IL-6 and 90 min post-TSST IL-6 are entered into the model 
separately. Separate entry reduces maximum VIFs (<1.29). 
 

                                                
11 b = -0.10, SE(b) = -0.04, t(87) = -0.42, p = .674 
12 b = 0.21, SE(b) = 0.19, t(87) = 1.13, p = .262 
13 b = 0.27, SE(b) = 0.19, t(87) = 1.38, p = .172 
14 b = 0.44, SE(b) = 0.19, t(87) = 2.31, p = .023 
15 b = 0.46, SE(b) = 0.20, t(87) = 2.33, p = .022 
16 Model maintained directionality: Model did not hold when SR tension 90 min post-
TSST and TSST-related tension were reversed (b = 0.32, SE(b) = 0.56, t(87) = 0.57, p = 
.575). 
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Summary. The non-significant residualized models (30V, 30AV, and 30A tension) 

are likely attributable to the high correlation between TSST-related tension (0 min post-

TSST) and 90 min post-TSST (r = .40, p < .001). That 13AV tension predicted SR 

tension 90 min post-TSST after (separately) accounting for an earlier assessment of SR 

tension (0 min post-TSST) and target physiology suggests that observers accessed the 

most information (~13 min audio and video target data) formed impressions that were 

informative of targets’ future psychological states over and above over and above what 

data collected from a target alone (target SR and target physiology) predicted. 

Predictor: ORT stress. As shown in Table 16, SR tension demonstrated relatively 

stronger correlations with ORT tension than with ORT stress. Nevertheless, the patterns 

of findings for ORT stress across each observer condition were nearly identical to those 

for the ORT tension variables. As was the case for ORT tension, accounting for target SR 

depression (as indexed by the BDI) did not affect the following residualized regression 

analyses for ORT stress. 

13AV stress. As shown in Table 20, 13AV stress significantly predicted SR 

tension 90 min post-TSST after accounting for TSST-related tension. 13AV stress did not 

interact with target SR TSST-related tension to predict SR tension 90 min post-TSST 

(Model 8). 13AV stress also predicted SR tension 90 min post-TSST after accounting for 

target IL-6. In short, findings for 13AV stress replicated the pattern of results found for 

13AV tension (Model 9).  
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30V, 30AV, and 30A stress. 30V17, 30AV18, and 30A19 stress did not predict SR 

tension 90 min post-TSST after accounting for TSST-related tension. 30A20, however, 

predicted SR tension 90 min post-TST when not accounting for TSST-related tension. 

None of these variables predicted SR tension 90 min post-TSST after including indices of 

target physiology. 

Table 20 

MLRs predicting SR tension 90 min post-TSST from TSST-related tension and 13AV 

stress 

 Outcome  Model Parameters  b SE t p Adjusted 
R-square 

ΔR 
square 

M
od

el
 8

 

SR Tension 
90 min post-
TSST 

Intercept 0.12 0.22 0.55 .58   
TSST-related  
SR tension -0.13 0.04 3.78 .00   

13AV  0.44 0.19 2.29 .02 .19 .05 

M
od

el
 9

 

SR Tension 
90 min post-
TSST 

Intercept 0.29 0.37 0.80 .43   
TSST-related  
SR tension 0.12 0.04 2.97 .00   

Baseline IL-6 0.09 0.23 0.41 .69   
90 min post-TSST IL-6 -0.12 0.20 -0.59 .56   
13AV  0.51 0.22 2.30 .02 .17 .05 

Note. Model 9 maximum VIF = 1.03. Model 10 maximum VIF = 2.92. Significance of 13AV stress for 
Model 10 does not change when Baseline IL-6 and 90 min post-TSST IL-6 are entered into the model 
separately. Separate entry reduces maximum VIFs (<1.21). 
 

Summary. The patterns of findings for ORT stress variables were nearly identical 

to those for the ORT tension variables, and this is likely attributable to a high correlation 

between ORT tension and ORT stress (r = .90, p = .000). Results for 13AV stress 

mimicked those for 13AV tension.   

                                                
17 b = -0.08, SE(b) = 0.24, t(87) = -0.33, p = .739 
18 b = 0.17, SE(b) = 0.20, t(87) = 0.81, p = .420 
19 b = 0.32, SE(b) = 0.22, t(87) = 1.42, p = .160 
20 b = 0.51, SE(b) = 0.23, t(87) = 2.19, p = .031 
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 Outcome: IL-6. As shown in Figure 3, target IL-6 increased over the course of 

the three assessments. See Table 11 for the base model (Model 1) to which the ORT 

variables were added. Accounting for target SR depression (as indexed by the BDI) did 

not affect the following analyses of ORT-tension and ORT-stress.  

Predictor: ORT tension. To further assess the correlations among ORT tension 

and target physiology, I regressed IL-6 onto each ORT tension variable.  

13AV tension. 13AV tension did not predict IL-6 intercepts21 or when interacted 

with either time parameter. After accounting for SR tension, however, 13AV significantly 

predicted IL-6 intercepts such that greater 13AV was associated with greater IL-6. See 

Table 21 (Model 10).  

30V and 30AV tension. Neither 30V nor 30AV tension predicted IL-6 intercepts 

(regardless of including SR tension in the model). Neither variable interacted with either 

time parameter to predict IL-6 slopes.   

30A tension. 30A tension significantly predicted IL-6 intercepts22 such that 

greater 30A tension was associated with lower IL-6. 30A nearly significantly interacted 

with the quadratic time parameter to include changes in IL-623 such that greater 30A was 

associated with greater increases in IL-6 over time. After accounting for SR tension this 

interaction term reached significance (see Model 11 and Figure 8). Deconstruction of this 

interaction revealed that across both levels of 30A (+/- 1 SD) there was a significant 

association between the quadratic time parameter and 30A such that as time continued, 

                                                
21 b = 0.24, SE(b) = 0.14, t(84.21) = 1.69, p = .095 
22 b = -0.32, SE(b) = 0.14, t(83.03) = -2.247, p = .027 
23 b = -0.10, SE(b) = 0.05, t(125.99) = -1.94, p = .055 
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greater 30A was associated with greater increases in IL-6.24 30A remained significantly 

inversely correlated with IL-6 intercepts such that greater 30A was associated with lower 

IL-6 (see Table 17) and (Table 21). Taken together, these findings show that although 

30A observers perceived targets with lower IL-6 values to be more tense (effect on 

intercepts, or mean levels), 30A ratings of target tension were consistent with changes 

(increases) in target IL-6 over time (effect on slopes). That is, observers in 30A made 

ratings of target tension that predicted the rate of increases in target IL-6 over time. 

 

 
 
 
 

                                                
24 Reversing this deconstruction (time as a moderator of an association between 30A and 
IL-6) revealed significant associations between 30A and IL-6 at all measurement periods. 
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Table 21 

MLMs predicting IL-6 from 13AV tension and 30A tension 

 
Outcome  b SE df t p -2LL 

(Model) 
df 

(Model) 

M
od

el
 1

0 

IL-6 
(3-pt IL-6) 

Intercept 1.22 0.13 108.31 9.62 .00   
Time -0.20 0.25 183.42 -0.80 .42   
Time2 0.42 0.10 118.72 4.26 .00   
BMI  0.05 0.04 79.06 1.38 .17   
Age 0.02 0.01 78.89 1.44 .15   
Gender 0.15 0.11 80.06 1.32 .19   
SR tension (L1) -0.06 0.02 142.59 -2.43 .02   
13AV 0.31 0.14 83.62 2.25 .03 741.24 12 

M
od

el
 1

1 

IL-6 
(3-pt IL-6) 

Intercept 1.18 0.13 110.16 9.13 .00   
Time -0.07 0.25 180.54 -0.30 .77   
Time2 0.38 0.10 119.16 3.89 .00   
BMI  0.04 0.04 81.42 1.15 .25   
Age 0.03 0.01 81.28 2.11 .04   
Gender 0.11 0.11 81.87 0.98 .33   
SR tension (L1) -0.04 0.02 143.37 -1.56 .12   
30A -0.29 0.14 85.71 -1.98 .05   
30A × Time2 -0.11 0.05 127.27 -2.04 .04 738.54 13 
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Figure 8 

Interaction of 30A tension and time2 on IL-6 over three measurement periods 

 
Predictor: ORT stress. As shown in Table 16, ORT stress variables were not as 

strongly correlated with SR tension as the ORT tension variables. Nevertheless, the 

patterns of findings for ORT stress variables were nearly identical to those for the ORT 

tension variables. See Table 11 for base model (Model 1) predicting IL-6.  

13AV stress. 13AV stress nearly predicted IL-6 intercepts25 but did not interact 

with either time parameter. After accounting for SR tension, 13AV stress emerged a 

significant predictor of IL-6 intercepts26 such that greater 13AV tension was associated 

with greater IL-6.  

30V and 30AV stress. 30V and 30AV stress did not predict IL-6 as main effects, 

when interacted with either time parameter, or after accounting for SR tension.  

                                                
25 b = 0.31, SE(b) = 0.16, t(84.00) = 1.93, p = .057 
26 b = 0.35, SE(b) = 0.15, t(82.89) = 2.34, p = .022 
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30A stress. 30A stress predicted IL-6 as a main effect27 and significantly 

interacted with the quadratic time parameter28 to predict changes in IL-6. Both models 

held regardless of accounting for SR tension. Reported models include SR tension as a 

covariate.  

Summary. The patterns of findings for ORT stress variables were again similar to 

those for the ORT tension variables. 13AV stress was similar to 13AV tension in its 

associations to IL-6 13AV tension. 30A stress demonstrated the same patterns of 

associations with IL-6 as 30A tension, however 30A associations were more robust to the 

effects of accounting for SR tension.  

 Outcome: RSA. As shown in Figure 5, targets evidenced changes in RSA during 

an acute phase (solid lined box) and also changes between (1) baseline 2 RSA and peak 

RSA, and (2) baseline 2 RSA and pre-TSST RSA (dotted boxes). See Table 22 for the 

base model (Model 3) to which I added ORT variables. Analyses of simple MLR models 

predicting (1) peak RSA from ORT variables after accounting for baseline 2 RSA and (2) 

pre-TSST RSA from ORT variables after accounting for baseline 2 RSA, did not reveal 

significant associations among the ORT variables and RSA.  

Predictor: ORT tension. As shown in Table 17, 30AV tension was inversely 

correlated with RSA at baseline and just prior to TSST speech onset. Multilevel analyses 

revealed that 30AV tension predicted RSA intercepts29 such that greater perceived 

tension on the part of observers in 30AV was inversely associated with RSA, and this 

                                                
27 b = -0.39, SE(b) = 0.17, t(84.36) = -2.23, p = .021 
28 b = -0.13, SE(b) = 0.06, t(126.73) = -2.08, p = .039 
29 b = -0.31, SE(b) = 0.14, t(76.60) = -2.32, p = .023 
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association held after accounting for TSST-related tension, but was strengthened Table 

22, Model 12). 13AV, 30V, and 30A tension did not predict RSA intercepts, and none of 

the ORT tension variables interacted with any time parameter to predict changes in RSA.  

 Predictor: ORT stress. 13AV stress nearly predicted RSA intercepts30, and this 

inverse association strengthened (became significant) after accounting TSST-related 

tension31. 30AV stress predicted RSA intercepts32 such that greater 30AV was associated 

with lower RSA, and this finding held after accounting for TSST-related tension33.  

30A stress did not predict RSA intercepts nor did it interact with any time 

parameter to predict changes in RSA. This pattern did not change after also accounting 

for SR tension at any measurement point.  

Table 22 

MLM regressions predicting RSA from theoretically-related covariates and 30AV tension 

 
Outcome  b SE df t p -2LL 

(Model) 
df 

(Model) 

M
od

el
 1

2 

RSA 
(3-pt) 

Intercept 6.06 0.15 185.92 41.75 .00   
Time 0.94 0.34 144.68 2.75 .01   
Time2 -0.50 0.17 144.92 -2.99 .00   
BMI -0.07 0.04 78.50 -1.80 .08   
Age -0.04 0.01 75.89 -3.15 .00   
Gender -0.01 0.11 80.76 -0.08 .94   
TSST-related 
tension 0.04 0.03 81.36 1.54 .13   

30AV -0.39 0.14 76.67 -2.75 .01 680.73 10 
 

Outcome: HR. To further examine correlations among ORT tension and both 

peak HR and changes in HR from baseline to peak (Table 17) I computed a series of 

                                                
30 b = -0.32, SE(b) = 0.16, t(79.78) = -1.96, p = .053 
31 b = -0.34, SE(b) = 0.16, t(76.66) = -2.06, p = .042 
32 b = -0.30, SE(b) = 0.15, t(75.39) = -2.03, p = .046 
33 b = -0.35, SE(b) = 0.15, t(76.61) = -2.31 p = .024 
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regressions predicting peak HR from ORT after accounting for baseline HR and target 

covariates (Table 23). 

13AV tension. 13AV tension was not significantly associated with target peak HR 

after accounting for target baseline HR and/or target covariates (age, gender, BMI). 

Although not statistically significant, this association was positive, indicating that greater 

13AV was related to greater changes in target HR from baseline to peak.  

30V tension. 30V tension was inversely associated with target peak HR only after 

accounting for target covariates34. This effect grew stronger after including TSST-related 

tension in the model.  

30AV and 30A tension. 30AV and 30A tension were inversely associated with 

target peak HR after accounting for target baseline HR and regardless of including target 

covariates and/or target SR in the models.  

 

 

 

 
 
 

 

 

 
 
 
 
                                                
34 This finding did not hold if target age, gender, and BMI were omitted from the model 
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Table 23 

MLR regressions predicting peak HR from baseline HR, theoretically-related covariates, 

and ORT tension 

 Outcome Model 
Parameters b SE t p Adjusted 

R-square 
ΔR 

square 

M
od

el
 1

3 

Peak HR 

Intercept 17.56 8.30 2.11 .04   
Baseline HR 0.91 0.12 7.34 .00   
BMI -1.07 0.44 -2.40 .02   
Age -0.25 0.16 -1.56 .12   
Gender -1.65 1.42 -1.17 .25   
13AV 2.40 1.67 1.44 .15 .45 .48 

M
od

el
 1

4 

Peak HR 

Intercept 18.71 8.20 2.28 .03   
Baseline HR 0.89 0.12 7.30 .00   
BMI -1.31 0.44 -2.97 .00   
Age -0.21 0.16 -1.36 .18   
Gender -1.99 1.36 -1.46 .15   
30V -4.50 2.04 -2.20 .03 .47 .50 

M
od

el
 1

5 

Peak HR 

Intercept 16.69 8.24 8.24 .05   
Baseline HR 0.92 0.12 0.12 .00   
BMI -1.12 0.44 0.44 .01   
Age -0.17 0.16 0.16 .29   
Gender -1.60 1.40 1.40 .26   
30AV -3.01 1.66 1.66 .07 .46 .49 

M
od

el
 1

6 
 

Peak HR 

Intercept 17.86 8.21 2.18 .03   
Baseline HR 0.90 0.12 7.41 .00   
BMI -1.12 0.44 -2.56 .01   
Age -0.19 0.16 -1.23 .22   
Gender -1.96 1.37 -1.43 .16   
30A -3.37 1.68 -2.00 <.05 .46 .49 

 
Outcome: SBP. See Figure 9 for SBP and DBP trajectories time35. To examine 

changes in SBP, I isolated the five time points (Figure 9, solid-line box), as they most 

clearly depicted SBP response to the TSST event. The final model was a random 

intercept model that included linear, quadratic, and cubic time parameters, as well as 

                                                
35 Due to the similarity in trajectories of SBP and DBP, I report SBP analyses here, as a 
growing body of literature implicates SBP as a potentially more informative of 
cardiovascular pathology (e.g., Kannel, 2000).  
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target BMI, gender, and age. See Table 24 (Model 17). I also modeled the SBP peak and 

recovery period (Table 24, Model 18), enclosed by the dashed red box in Figure 9. The 

final model prior to adding covariates was a random intercept model that included linear 

and quadratic time parameters, as well as target gender, age, and BMI.  
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Figure 9 

Means and standard deviations above and below means of DBP and SBP for each 

measurement period 

 

 
Note. See Table 2 for measurement period descriptions. 
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Table 24 

MLM regressions predicting SBP from theoretically-related covariates 

 
Outcome  b SE df t p -2LL 

(Model) 
df 

(Model) 

M
od

el
 1

7 

SBP 
(5-pt) 
 

Intercept 114.07 1.45 179.73 78.80 .00   
Time 34.73 2.28 349.48 15.21 .00   
Time2 -17.00 1.44 349.36 -11.77 .00   
Time3  2.12 0.24 349.32 8.92 .00   
BMI 0.75 0.38 89.36 1.96 .05   
Gender -6.35 1.23 89.11 -5.15 .00 3296.76 8 

M
od

el
 1

8 

SBP 
(4-pt) 

Intercept 134.83 1.48 163.23 91.25 .00   
Time -3.29 1.47 264.21 -2.24 .03   
Time2 -0.97 0.47 263.90 -2.06 .04   
BMI 0.75 0.40 89.39 1.86 .07   
Gender -6.66 1.29 89.27 -5.16 .00 2696.82 7 

 
 Predictor: ORT tension. None of the ORT tension variables (13AV, 30V, 30AV, 

or 30A), predicted SBP in the 5-point SBP model (Model 17) or in the 4-point SBP 

model (Model 18) as a main effect or when interacted with linear, quadratic, or cubic 

time parameters. This pattern of results did not change after accounting for SR tension at 

any measurement point.  

 Predictor: ORT stress. None of the ORT stress variables (13AV, 30V, 30AV, or 

30A), predicted SBP in the 5-point SBP model (Model 17) or in the 4-point SBP model 

(Model 18) as a main effect or when interacted with linear, quadratic, or cubic time 

parameters. This pattern of results did not change after accounting for SR tension at any 

measurement point.  
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Aim 4: To assess which behavioral cues are associated with targets SR psychological 

states, targets stress physiology, and ORT. 

Cue Validity Correlations 

 To explore which observable cues emitted by targets during the TSST correlated 

with SR tension, stress and physiology surrounding that time period, I computed bivariate 

correlations among target SR, target physiology, and targets’ observable behavior as 

coded by CERT, two independent raters using the FACS, and two (different) independent 

raters coding gross behaviors. I correlated SR tension 0 min post-TSST with behavior as 

coded by these three systems. I chose the 0 min post-TSST assessment, as it was 

temporally closest to the 30 s period coded with the above methods. No meaningful 

associations emerged. Selected results appear in APPENDIX G (CERT and target SR), 

APPENDIX H (FACS and target SR), APPENDIX I (gross behaviors and target SR), and 

APPENDIX J (CERT and physiology).  

Cue Utilization Correlations 

 To explore which observable cues (emitted by targets during the TSST) were 

associated with ORT, I computed bivariate correlations among ORT items (POMS 

tension, stress items, and stress composite), target physiology, and the abovementioned 

behavioral data (as coded by CERT, FACS, and gross behavioral codes) for each 

observer condition. No meaningful associations emerged. Selected results appear in 

APPENDIX K and APPENDIX L (CERT and target SR), APPENDIX M (FACS and 

target SR), and APPENDIX N (gross behaviors and target SR).  
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4. DISCUSSION 

This study explored associations among psychological stress, physiological stress, 

and interpersonal perception of stress by addressing four overarching aims: (1) To unpack 

associations among psychologically experienced stress and indices of stress physiology; 

(2) To establish how well observers agree in their perceptions of target stress; (3) To 

assess which dimensions of target stress (psychological, physiological, or both) observers 

perceive; and (4) To reveal observable cues that observers use when intuiting target 

stress. I addressed each aim in the context of a person-perception study design in which 

observers were exposed to varying quantities of target information (via different 

modalities). Observers reported on their perceptions of targets’ stress, and target data 

included SR, physiological and observable behavior.  

Summary of Results 

How were psychological and physiological stress responses associated? 

Correlations indicated that targets reporting more tension prior to the TSST evidenced 

lower baseline IL-6 and greater pre-speech RSA. This association for IL-6 continued 

through the post-TSST assessment: Targets reporting greater SR tension immediately 

post-TSST evidenced lower IL-6 90 min post-TSST. Multilevel analyses revealed 

associations among target SR, RSA, and IL-6 to be conditional upon target SR depression 

symptomology. Among targets endorsing more depression symptoms, those who reported 

more tension immediately following the TSST (a potential proxy for psychological 

engagement with the TSST task) evidenced smaller increases in the pro-inflammatory 

cytokine IL-6 and greater RSA relative to those reporting less tension.  
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How well did observers agree in their perceptions of targets? Data revealed 

that observers who accessed the most information (~13 min of target audio and video 

data) evidenced the greatest agreement (average α = .82). Observers who accessed 30 s of 

audio and video data and those who accessed 30 s of audio data agreed to a lesser extent 

(average α = .75). Those observers without access to any audio data, that is, those who 

accessed ~30 s of targets’ video data only, evidenced the least agreement (average α = 

.65). This pattern suggests that listening to people’s speech may provide more 

information than seeing their faces when intuiting their psychological states. Moreover, 

this pattern, in tandem with the observation that agreement among observers who 

accessed 30 s of target audio and video data (30AV) was nearly identical to that of those 

who accessed 30 s of target audio data only (30A), suggests that video data may not be 

informative above and beyond audio data.  

Were observers’ perceptions of target stress consistent with target SR stress, 

stress physiology, or both? Across all observer conditions, ORT were positively 

associated (consistent) with TSST-related tension (tension assessed immediately post-

TSST). Non-significant correlations between target SR preceding the TSST and observer 

ratings suggest that observers gleaned valid information from target data they observed 

when rating target stress.  

Observers who accessed the most target data (13AV) showed two distinct patterns 

in their perceptions of targets: First, regardless of accounting for the association among 

13AV tension and TSST-related tension (0 min post-TSST), 13AV tension predicted 

target SR 90 min post-TSST. That is, observers who accessed the most target data 
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intuited target SR both simultaneously and predictively (after accounting for the 

simultaneous correlation). These findings held after accounting for target physiology (IL-

6) both at baseline and 90 min following the TSST (first two IL-6 measurements). Thus, 

observers’ perceptions were informative of targets’ future psychological stress over and 

above what could have been predicted from target data alone (SR and indices of 

physiology). Second, correlational and multilevel analyses revealed that 13AV tension 

(POMS tension subscale) and 13AV stress (ORT stress item composite) were positively 

associated (consistent) with target IL-6, however only after accounting for SR tension.  

Observers who accessed 30 s of video data only (30V) made ratings of target 

tension that positively correlated with changes in target HR (baseline to peak) and peak 

HR, but only after accounting for target covariates, and this association grew stronger 

after including SR tension.  

Observers who accessed 30 s of audio and video data (30AV) made ratings of 

target tension that inversely correlated with target RSA, meaning that observers perceived 

targets who evidenced greater vagal withdrawal (decreased RSA) as more tense during 

the first 30 s of the TSST. Multilevel analyses revealed that this association held 

regardless of accounting for target SR. 30AV tension was inversely associated with target 

peak HR after accounting for target baseline HR and regardless of including target 

covariates and/or target SR in the models.  

Observers who accessed 30 s of audio data only (30A) made ratings of target 

stress that mimicked the inverse association between the SR tension and IL-6 among the 

targets reporting more depression symptomology: For all targets, 30A tension correlated 
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inversely with IL-6. Although partial correlational analyses for two of three measurement 

occasions indicated that the inverse associations between 30A and IL-6 were reduced to 

non-significance after including target SR, multilevel analyses revealed that this 

association held regardless of covariate and target SR inclusion. 30A tension also 

interacted with a quadratic time parameter to predict increases in IL-6 over time after 

accounting for target SR, and this term fell just below p-value-based significance 

criterion (to p = .055) when SR was excluded from the model (pattern of results remains). 

That is, 30A observers’ ratings of target tension were consistent with changes in target 

IL-6 responses over time (although were not consistent with static target IL-6 values). 

Finally, 30A tension correlated inversely with target peak HR after accounting for target 

baseline HR and regardless of including target covariates and/or target SR in the models. 

Are there particular behavior cues that observers use when intuiting others’ 

stress? Correlations among visually-observable target behaviors coded by the CERT, 

FACS, and two coders tallying gross behaviors, did not yield meaningful correlations: 

None of the coded target behaviors were meaningfully associated with target SR, 

physiology, or observer ratings of targets. Interrater agreement correlations, which were 

greater in conditions that accessed audio data, suggest that audio data (relative to video 

data) may provide more valid information associated with greater observer agreement.  

Theoretical Implications 

 Response system coherence. Although response system coherence, or consistent 

coordination among emotional experience, behavior, and physiology, has long been 

assumed (Mauss et al., 2005; Mauss & Robinson, 2009), empirical literature addressing 
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this idea is lacking (Campbell & Ehlert, 2012). A growing (and mixed) literature 

addressing associations among psychological experiences and immunological responses 

points to potential omitted third variables. For example, some data indicate positive 

correlations between depression and IL-6 responses to the TSST (Fagundes, Glaser, 

Seuk, Malarkey, & Kiecolt-Glaser, 2012), however other data find no positive 

associations between SR stress and IL-2, IL-6, IL-12, IFN-7, TNF-a, HR, proportions of 

Natural Killer (NK) cells, or cortisol (Yamakawa et al., 2009)36. Although some data 

suggest positive associations between SR anxiety and cortisol responses to the TSST 

(Rimmele et al., 2007), more studies have not found this correlation (Abercrombie, 

Speck, & Monticelli, 2006; Cohen et al., 2000; Dickerson & Kemeny, 2004; Way & 

Taylor, 2010). Moreover, a recent review of 358 studies examining associations between 

SR emotional experience and physiological responses to the TSST found that of the 49 

studies that met inclusion criteria, only 25% reported significant positive correlations 

between cortisol and emotional stress (Campbell & Ehlert, 2012). 

Data reported here suggest a moderated pattern of associations among SR and 

physiological responding: Among targets reporting more depression symptomology, 

physiological stress (IL-6) and SR tension were inversely correlated during and following 

the TSST. In contrast, among targets reporting less depression symptomology, SR and 

physiological stress were not significantly correlated. This absent correlation fits with 

previous data pointing to disconnects between physiological and psychological measures 

of emotion (Mauss & Robinson, 2009) by suggesting that a third variable, depression 
                                                
36 Study authors did find a positive association between changes in SR stress and IL-1B 
(baseline to post-TSST). 



 93 

symptomology, may moderate associations between SR psychological states and 

physiological responding. Additionally, among targets endorsing more depression 

symptomology, those reporting more SR tension (relative to those reporting less) 

evidenced greater RSA. In the face of a stressor, psychological tension may differentiate 

among people endorsing depression symptomology such that those who are able to 

psychologically engage (in the stressful task) evidence different patterns of physiological 

responding than those who are not. These findings begin to tell a coherent story when 

woven into the fabric of what we know about depression, psychological stress, and 

physiological stress responses. 

IL-6 and psychological experience. People who report more depression 

symptomology are at greater risk for increased chronic stress and inflammation relative to 

their less depressed counterparts. Although positive correlations among pro-inflammatory 

cytokines and depression are widely acknowledged (e.g., Raison et al., 2006), fewer 

investigations have examined correlations between depression and transient increases in 

pro-inflammatory cytokines in response to acute stressors, such as the TSST. Miller and 

colleagues (2005) reported no evidence of systematic differences in IL-6 production or 

task-related anxiety between depressed and non-depressed women who completed a 

stressful mock-job interview37, but did find that depressed women showed blunted 

cortisol responses during a 30 min recovery period. Pace and colleagues (2006) reported 

that depressed men with early-life stress, relative to non-depressed controls, evidenced 
                                                
37 This finding may be due to the measurement window: Miller and colleagues (2005) 
assessed IL-6 only as late as 30 min post-stressor, and subsequent research indicates that 
changes IL-6 may best be captured >90 min post-stressor (e.g., Pace et al., 2006; Pace et 
al., 2009).  
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greater TSST-related IL-6 increases (but did not report on differences in emotional 

responding across these two groups). Data here did not replicate the positive correlation 

between depression and increased inflammation, and this might be due to targets’ non-

clinical levels of depression symptomology.  

What few studies have investigated, however, are potential moderating effects of 

feeling activated by, or engaged with, a given task. Cohen and colleagues (2000) 

independently examined anxiety and task engagement in a group of non-depressed 

participants exposed to an evaluative speech task, and found that although anxiety was 

unrelated to indices of physiology, task engagement was positively associated with 

increases in SBP, DBP, HR, NK percent cytotoxicity, and circulating T-

cytotoxic/suppressor (CD8+) and NK (CD56+) cells, and marginally associated with 

increases in cortisol and norepinephrine. The authors suggest that even amidst a task 

designed to elicit anxiety, task engagement may play a more important, independent role. 

Cognitive and behavioral disengagement, or avoidance, are common components of 

depression: They predict unique variance in depression symptomology above and beyond 

anxiety and rumination, even among non-clinical samples (Moulds, Kandris, Starr, & 

Wong, 2007). Depressed people who are not able to emotionally respond to or interact 

with their environments may struggle to keep their jobs, perform academically, and/or 

maintain social relationships, and therefore may be at greater risk for poorer outcomes 

than depressed people who are able to engage and interact with their environments (e.g., 

Jacobson et al., 1996). Furthermore, behavioral treatments for depression that address 

avoidance behaviors by increasing people’s engagement with their environments can lead 



 95 

to symptom improvement independent of other components of psychological 

interventions (e.g., antidepressant medication; Dimidjian et al., 2006). Thus, the ability to 

engage with a task may constitute a behavioral measurement of depression that links 

depression symptomology with health outcomes.  

In this study, a non-clinical sample reported on both depression symptomology 

over the previous two weeks and transient feelings of psychological tension (a potential 

proxy for engagement) throughout the TSST. Among targets reporting more depression 

symptomology, those reporting less TSST-related tension evidenced greater pro-

inflammatory responses (IL-6 intercepts). This finding supports the idea that people who 

report more depression symptomology and less psychological tension in response to their 

immediate environments (i.e., less psychological engagement with a universally stressful 

task) might fare more poorly than those who report more depression symptomology and 

more psychological tension (i.e. more psychological engagement). The latter situation 

represents an arguably more adaptive response in the face of challenging tasks that 

involve cognitive effort (such as the TSST).  

Depressed people often report chronic psychological stress, which has been 

physiologically conceptualized as HPA axis fatigue. HPA axis fatigue can follow from a 

failure to habituate to recurring stressors and result in dampened allostatic responding 

(Kudielka et al., 2006; McEwen, 1998). In the face of acute stressors, allostatic responses 

are associated with positive health outcomes (Dhabhar, 2009). For example, Kudielka 

and colleagues (2006) found that men with greater fatigue symptomology showed no 

anti-inflammatory habituation to repeated TSSTs and evidenced lower mean free cortisol 
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levels38 relative to non-depressed controls. Thus, a non-habituating stress system might 

cause abnormal patterns of stress physiology activation in response to new stressors and 

eventual increased vulnerability to disease. Although depression symptomology did not 

independently predict IL-6 intercepts in this study, data here lend further support to 

Kudielka and colleagues’ (2006) speculation regarding impaired physiological activation 

among individuals experiencing depression symptomology. A study specifically designed 

to detect lower-level chronic activation might uncover these associations.  

RSA and psychological experience. RSA represents rhythmic variation in heart 

rate due to the respiratory cycle. RSA has been likened to a “vagal brake” to which we 

apply and withdraw pressure so as to meet metabolic demands, such as increased 

attention and information processing in response to external stimuli (e.g., Doussard-

Roosevelt et al., 1997).  

In terms of its psychological relevance, RSA has been operationalized as an index 

of emotion regulatory capacity and autonomic flexibility, and a growing literature 

suggests that increases in RSA during demanding tasks may reflect increases in self-

regulatory effort (e.g., Appelhans & Luecken, 2006). For example, Segerstrom and Nes 

(2007) found that people asked to eat carrots while resisting cookies demonstrated greater 

increases in HRV than those asked to eat cookies while resisting carrots. Depressed 

people, who often report feeling depleted, may seek social isolation so as to avoid 

potential social evaluation and interpersonal interactions (which can require self-

regulatory resources: Cacioppo & Hawkley, 2002; Cacioppo, Hughes, Waite, Hawkley, 
                                                
38 See Figure 1 on page 150 of Kudielka and colleagues (2006); differences were not 
statistically tested, but graphically observable.  
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& Thisted, 2006; Finkel, DeWall, Slotter, Oaten, & Foshee, 2009). For example, Hughes 

and Stoney (2000) found that people reporting more (versus less) depression symptoms 

evidenced larger decreases in PNS-mediated HRV during a stressful evaluative speech 

task. A 22-hour ambulatory monitoring study revealed that social isolation moderated an 

association between RSA and depression symptomology. When alone, depressive 

participants evidenced decreased HRV and more negative affect, but when engaged in 

social interaction with a partner, family members, or friends, they showed increases in 

HRV (Schwerdtfeger & Friedrich-Mai, 2009). Data presented here revealed that among 

targets experiencing more depression symptoms, those reporting more TSST-related 

tension (relative to those reporting less TSST-related tension) greater RSA, suggesting 

that these targets may have exerted more self-regulatory effort during the task. 

 Data presented here did not reveal a main effect of depression symptomology on 

RSA, which adds to previous literature suggesting that the heterogeneity of depression 

presentations may render an overall association difficult to detect (Rottenberg, Chambers, 

et al., 2007). Instead, RSA may differentially associate with particular symptoms of 

depression. For example, Rottenberg and colleagues (2002) found no overall association 

between depression severity and RSA but did find a positive association between sadness 

and RSA and an inverse association between suicidality and RSA. Sleep disturbance, 

specifically insomnia symptomology, another component of depression, has also been 

associated with lower heart rate variability (Bonnet & Arand, 1998).  

IL-6, RSA, and depression symptomology. Data presented here further uncovered 

associations among IL-6, RSA, and depression symptomology. Among targets reporting 
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more depression symptomology, those reporting more task engagement (SR tension) 

evidenced significantly greater RSA in response to the TSST relative to those reporting 

less task engagement. In light of previous research, this suggests that increases in RSA 

among depressive targets reporting more (versus less) tension may signal an adaptive 

ability to engage self-regulatory processes. Additionally, data revealed that among 

depressive targets, those reporting more tension evidenced smaller IL-6 responses. Thus, 

an ability to psychologically engage (here, to experience psychological tension) may 

reflect adaptive responding for people experiencing more depression symptomology.  

 Interpersonal processes. Consensus and observer-criterion analyses suggest that 

observers tended to agree both amongst themselves and with targets about SR tension.  

Observer ratings of target physiology, however, painted a more nuanced picture.  

Consensus. Consensus data suggest that targets’ audio data may have played a 

larger role than targets’ video data in determining observer agreement about targets’ 

stress. Although not formally compared, the average ICCs for ORT variables across the 

four conditions varied considerably (13AV, α = .82; 30V α = .65; 30AV and 30A, αs = 

.75), and observers in conditions with access to targets’ audio data achieved the highest 

ICCs. The average ICC for the condition in which observers accessed only video data, 

30V, was the lowest. This may be due to non-significant correlations between visually-

observable target behavioral cues (facial movement) and other target data (physiology 

and SR). The absence of these correlations suggests that in this study design, visual cues 

may not have been valid cues of target stress, and may have diverted some observers’ 
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attention away from valid cues (i.e., certain aspects of audio information), resulting in 

lower agreement. 

Observer-criterion agreement. Although target SR depression symptomology 

was integral to uncovering associations among target SR and physiology in this study, 

target depression symptomology did not shape analyses of observer-criterion agreement. 

Previous research has established that people can intuit others’ personalities, sexual 

orientations, and intelligence, among other characteristics; however, are less adept in 

perceiving others’ depression (e.g., Mehl, 2006). Moreover, Mehl found that observers 

who listened to snippets of ambient sounds captured during targets’ daily lives were more 

accurate in perceiving depression among targets reporting greater depression severity. He 

attributed this to observers’ access valid cues of depressive states (e.g. social isolation, 

lack of laughter, time spent alone). In the present study, observers accessed snippets of 

targets’ scripted behavior, and targets reported subclinical levels of depression 

symptomology. It is therefore not surprising that observer ratings of target depression did 

not correlate with target SR depression indexed by transient depressed mood (POMS) or 

depression symptomology over the previous to weeks (BDI). Consequently, observer-

criterion analyses do not include indices of target SR depression.  

Target SR. Observer-criterion correlations show that across all conditions, 

observers’ ratings of target stress were consistent with TSST-related tension. This 

coincides with previous literature indicating that a variety of information can be useful to 

observers evaluating target affect (e.g., Zaki et al., 2009). Observers across all conditions 

were aware of the stressful nature of the task, and this may have biased correlations.  
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After accounting for earlier SR tension and physiology, ratings made by observers 

who accessed the most information (13AV) predicted target SR tension 90 minutes post-

TSST39. That is, observers who accessed the most target data intuited target SR 

simultaneously and also predictively after accounting for the simultaneous correlation. 

This finding also held after accounting for target physiology (IL-6) both at baseline and 

90 min following the TSST. Thus, observer ratings were informative of targets’ future 

psychological stress over and above what could have been predicted from target data (SR 

and indices of physiology) alone. These findings coincide with research in person-

perception indicating that increases in information are associated with increases in 

observer-criterion agreement (e.g., Weisbuch & Ambady, 2011). They also extend 

previous findings (e.g., Mason et al., 2010) indicating that people can perceive the current 

and future psychological states of others with whom they are unacquainted, which 

contradict the popular notion that only those who know us well are able to intuit our 

psychological worlds.  

Target physiology: 13AV tension. Partial correlational and multilevel analyses 

revealed that associations among 13AV and target physiology, specifically IL-6 and 

RSA, were dependent on the inclusion of target SR in the model. The non-significant 

bivariate correlations among 13AV and IL-6 (Table 17), significant bivariate correlations 

among target SR and IL-6 (Table 10), and significant bivariate correlations among 13AV 

and target SR (Table 14), imply that these partial regressions may reflect a suppressor 

effect of target SR (Cohen & Cohen, 1975; Conger, 1974; Horst, 1941; Paulhus, Robins, 
                                                
39 Finding held when each covariate was accounted for in separate models and when both 
were included in the same model.  
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Trzesniewski, & Tracy, 2004). Figure 10 depicts a Ballantine Venn diagram of 

associations among these three variables. Panel A demonstrates a case of cooperative 

suppression, which occurs when a predictor (SR) accounts for what would otherwise be 

error variance in a second predictor (13AV), resulting in a larger association between the 

second predictor (13AV) and the criterion (physiology). In this scenario, target SR 

maintains an association with the criterion (physiology), and may reduce noise in the 

association between 13AV and physiology. Associations among variables depicted in 

Panel B do not change direction regardless of correlation type (bivariate versus partial). 

The inclusion of target SR (and covariates) may clarify the association between 13AV 

and physiology (Panel A, area e) that is not accounted for by target SR. 
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Figure 10 

Ballantine Venn diagrams of partial correlations among 13AV tension, SR tension, and 

target IL-6 

 
A.      B. 

                         
 

Note. Physiology = IL-6 at baseline or immediately post-TSST; SR = SR tension at any of three occasions: 
Baseline, 90 min post-TSST, and/or 210 min post-TSST 
* = Correlations are significant in both bivariate and partial correlations shown in Table 10 and Table 14.  
 

Target physiology: 30AV tension. Multilevel analyses revealed that observers who 

accessed 30 s of audio and video data rated targets who evidenced more vagal withdrawal 

(decreased RSA) during the acute phase as experiencing more psychological tension 

(enclosed in Figure 5 red box). This may reflect observers’ ratings of largely non-

depressed targets who may have experienced more vagal withdrawal in response to the 

task at hand, as this analysis includes all targets regardless of depression symptomology. 

Previous research cites vagal withdrawal among healthy controls (relative to depressed 

individuals) in response to stressful tasks (e.g., Rottenberg, Clift, et al., 2007) and this 

finding may have been driven by the many targets who reported no depression 

symptomology (n = 27; 30.70% of sample). 
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Target physiology: 30A tension. Multilevel analyses revealed that observers who 

accessed 30 s of target audio data, in the absence of video data, rated target tension in a 

manner that was consistent with changes in target physiology (although not consistent 

with targets’ static levels of physiology at all three measurement occasions)40. An early 

focus in the process of connecting with others is facilitating smooth interactions that 

foster the development social relationships. Additionally, tracking a conversation’s 

trajectory of emotional valence may be more important than intuiting momentary 

characteristics, and this may be more salient in the early stages of interpersonal 

communication among unacquainted people. In all cases, however, intuiting and 

predicting others’ transient changes in emotion may provide important information about 

how to adapt behavior so as to ensure continued pleasant interaction. Observers who 

accessed audio target information (in the absence of video information) may have been in 

a better position to intuit changes in target emotionality than observers in other 

conditions: First, previous data indicate the vocal channel to be the most difficult to 

control, and more likely to leak information about changes in psychological experiences 

of distress and anxiety (e.g., Brown, 1986; Ekman, Friesen, Sullivan, & Scherer, 1980; 

Harrigan, Harrigan, Sale, & Rosenthal, 1996; Harrigan, Larson, & Pflum, 1994). Second, 

given the lack of cue validity correlations uncovered in this study, it may be possible that 

visual cues, which may have distracted observers who accessed video data, were not 

valid cues of targets’ psychological states. Observers who were not exposed to these cues 
                                                
40 This interaction term was nearly significant without accounting for SR tension (p = 
.055), and became significant when accounting for SR tension (p = .043). This trivial 
change in p-value (and unchanged direction of beta weight for the interaction term) 
suggests that this finding cannot simply be attributed to a suppressor effect.  
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may have been able to attend more to potentially valid (perhaps audio) cues emitted by 

targets.  

Cue validity. Data did not reveal significant associations among observable target 

behaviors and target SR or physiological data.  

Why did this study fail to detect observable target behavior associated with target 

physiology and SR psychological experience? Cross-culturally, people are socialized to 

express more positive than negative affect regardless of actual psychological experience. 

Gross and colleagues (2000) refer to this valence-asymmetric behavior as the following 

of social display rules. Data have also shown increased smiling to be uncorrelated with 

psychological positive affect (e.g., Hecht & LaFrance, 1995; Jakobs, Manstead, & 

Fischer, 2001), and facial expression of emotions to be unrelated to RSA collected during 

viewing of positively- or negatively-valenced films (Volokhov & Demaree, 2010). 

Hence, visually-observable behavior may not be representative of people’s psychological 

and physiological states, and can be misleading: Observers tend to rate smiling as an 

indicator of competence and positive ratings on various traits (e.g., Harker & Keltner, 

2001; Knutson, 1996; Reis et al., 1990) although smiles can be used to mask negativity 

and lying (e.g., Ekman, Friesen, & O’Sullivan, 1988). The current study design may have 

amplified targets’ tendencies to invoke social display rules, as they were under pressure 

to appear competent in front of an evaluative audience (e.g., Gross et al., 2000), and their 

visually-observable behavior may therefore not have reflected their true psychological (or 

physiological) experiences of stress.  
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This study did not include separate investigations of target verbal and non-verbal 

audio data. Audio data may have been less susceptible to social display rules and yielded 

valid cues of target psychological experience, as vocal information (e.g., vocal intonation 

change) is more difficult to control than observable facial expressions (e.g., frowning; 

(Harrigan, Harrigan, Sale, & Rosenthal, 1996).  

Cue utility. Data did not reveal meaningful associations between observable 

target behaviors and observer ratings. 

 Why did this study fail to detect target behavior associated with observer ratings? 

This study examined visually-observable target behavior, and did not analyze language, 

intonation, or other aspects of target audio data, which some data suggest to be more 

important than video data when intuiting psychological states (Harrigan et al., 1996; 

Harrigan et al., 2004). In a meta-analysis addressing the detection of state and trait 

anxiety from audio and video cues, Harrigan and colleagues (2004) compared the roles of 

(1) audio-only, (2) video-only, and (3) combined audio-video data in the detection of 

state anxiety. Researchers found that combined audio-video data and audio-only data 

were not significantly different from each other, but that both led to significantly greater 

detection of state anxiety than video-only data. Previous studies have documented 

positive associations between anxiety and greater frequencies of silent pauses and speech 

errors (Kasl & Mahl, 1965; Siegman & Pope, 1972; Siegman & Reynolds, 1983), neither 

of which were measured in the present study. More recent empirical work has separated 

verbal information from nonverbal audio information and found that after accounting for 

variance in the outcome due to verbal information alone (i.e., exposing observers to 
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written transcripts of target speech), nonverbal audio information remained predictive of 

targets’ feelings of arousal and hypervigilance 90 days later (Mason et al., 2010). 

This study did not examine associations among observer ratings and target audio cues. 

Previous literature has found that access to audio information, in comparison to video 

information, yields greater empathic accuracy on the part of observers (e.g., Zaki et al., 

2009). Observers in 30A made ratings of target tension that were consistent with SR 

tension, yet unrelated to observable target behavior (e.g., Appendix L).  

This suggests that the audio cues to which 30A observers attended may have been more 

valid, and perhaps less influenced by social display rules than visual cues. Visual cues 

may have distracted observers in the 13 AV, 30V, and 30AV from valid audio cues. 

Methodological Limitations 

 Although this study clarified associations among (1) SR and physiological indices 

of stress, and (2) associations among observer perceptions and target distress, analyses 

indicate that the study design used here precluded further exploration of how people infer 

others’ psychological states. The FACS, CERT, and gross behavioral coding data did not 

yield meaningful correlations with target SR, target physiology, or observer ratings. 

Coding with the FACS may have been more useful had it encompassed more than 30 s of 

target behavior, focused on specific AU combinations rather than individual AUs, and/or 

were coded in tandem with basic emotion codes. Although the CERT is a promising 

method of analyzing facial behavior, the CERT outputs data in a fashion that yields 30 

data points per second (in these data, more than 900 data points per target), and further 

understanding about how to best quantify these data may yield more meaningful metrics 
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for analysis. Gross behavioral coding of target behavior may not have been sensitive to 

valid cues of target stress.  

 Further investigation of target linguistic and nonverbal audio data may have 

uncovered valid cues that observers utilized when perceiving targets. The thin-slice 

conditions could have been extended to 60 s to allow for analyses of target verbal data, as 

targets often did not utter many words in the first 30 s of their TSSTs. Additional indices 

of HPA axis activity, including cortisol responding, would have permitted further 

exploration of intercorrelations among physiological processes. 

 Analyses focusing on the role of target depression symptomology in associations 

between target SR and physiology would have benefitted from a target sample reporting a 

wider range of depression symptomology. Analyses of target SR may have benefitted 

from a simpler SR scheme asking for SR tension rather than the 30-item POMS, which 

contained items such as “efficient” and other unrelated items that may have increased 

target fatigue. Target SR was collected prior to targets’ learning of the TSST task and 

after targets’ completion of the TSST task: Collecting target SR after targets learned of 

the TSST task but prior to the speech preparation period may have been more sensitive to 

targets’ true SR experiences related to the TSST task.  

Future Directions 

 This study suggests several possibilities for (1) exploring moderators of response 

system coherence to clarify adaptive and maladaptive responses to the TSST, and (2) 

unpacking the processes by which people perceive others’ stress.   
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 To further examine response system coherence, targets could be recruited based 

on their depression status to create a more heterogeneous target pool. In this sample, 

people reporting subclinical levels of depression seemed to fare better – that is, evidenced 

decreased inflammatory responses and increased RSA – if they were able to engage with 

the task at hand, which involved both effortful cognitive work and social evaluation. The 

heterogeneity of the depression diagnosis (e.g., Rottenberg, Chambers, et al., 2007) 

points to a potential value in examining depression symptoms individually, with a 

potential focus on cognitive and/or social disengagement component(s) of depression. 

Thus, even low-levels of depression symptomology may play an important role in 

determining associations among physiology and psychological experience, and it may be 

the case that particular depression symptoms are particularly potent (e.g., Schwerdtfeger 

& Friedrich-Mai, 2009).  

 Future investigations of response system coherence may benefit from 

incorporating data on the effects of psychological engagement/disengagement on 

physiological responding. Miller and Wrosch (2007) hypothesized that although the 

ability to engage with one’s surroundings may be beneficial in the context of “attainable” 

goals, the ability to disengage may be beneficial in the context of unattainable goals. 

They found that people who were more able (relative to those who were less able) to 

disengage from self-reported unattainable goals evidenced less inflammation 1 year later. 

The TSST presents a unique context in which to consider attainable versus unattainable 

goals: Completing the ~13 min TSST task itself falls into the domain of a short-term 

attainable goal, whereas the content of participants’ TSST speeches (wherein they discuss 
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potentially unrealistic goals) may incorporate unattainable goals. Future research using 

the TSST paradigm to clarify mechanisms driving adaptive versus maladaptive 

physiological responding could include measures of (1) tendencies toward 

adaptive/maladaptive goal engagement/disengagement (e.g., Wrosch, Scheier, Miller, 

Schulz, & Carver, 2003) and (2) participants’ belief in the attainability of the goals that 

they choose to present in their TSST speeches. 

 To further examine the process by which people perceive others’ psychological 

states, target audio data could be analyzed both at verbal and nonverbal (e.g., content-

filtered) levels to separate potential roles of verbal (e.g., speech errors, diction) and 

nonverbal (e.g., intonation) audio cues. Targets could both rate their own psychological 

and physiological experience in vivo using hand dials (e.g., Zaki et al., 2009), and could 

observe themselves via different channels of information and again rate their experiences. 

Additionally, researchers could employ observer ratings across conditions as criterion 

variables: For example, O’Sullivan and colleagues (1985) compared ratings made by 

observers who accessed audio-video data to ratings made by observers who accessed 

either audio or video data and found that associations among ratings depended on the 

nature of the scripts read by targets. Including observer ratings across conditions as 

criterion variables may shed more light on the cues that people use when perceiving 

others. For example, observers who access silent video data (or audio data in the absence 

of video) may make ratings that are positively (or negatively) correlated with those made 

by observers who view combined audio and video data.  
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Conclusion 
 
 In this study, associations among targets’ stress responses highlighted the 

importance of exploring moderators when evaluating response system coherence, as 

intrapersonal associations among psychological and physiological dimensions of stress 

responding depended on depression symptoms. Data presented here indicated that 

observers were able to use audio and/or video data to infer targets’ psychologically-

experienced stress, though analyses did not reveal the cues that observers used when 

forming their impressions. Levels of observer agreement and observer ratings of target 

physiological stress varied according to the type (audio versus video) and amount (~13 

min versus 30 s) of information available to observers.  
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APPENDIX A 

TRIER SOCIAL STRESS TEST (TSST) INSTRUCTIONS 
 
Read aloud to targets preceding their speech preparation period:  
 
“Please do not turn away from the camera while I read these instructions. Your task in 
this experiment is to present a speech in front of this committee. Following these 
instructions, you will have about 10 minutes to prepare for the speech. To prepare for 
your speech, you can sit down at this desk. You said earlier that you would like to …., so 
imagine that you have applied (for admission to ….) (for a job at …) and have been 
invited for an interview. In contrast to a traditional interview, however, you are supposed 
to give a speech, that is, you are supposed to explain to the committee in five minutes why 
you think that you would be the best candidate for this position. For that, you will later 
step behind the microphone, so that your voice can be recorded. It is important that you 
stand still behind the microphone while speaking and that you do not move your hands 
from your side. Please note that you will be recorded by a camera as well. We are 
recording your performance for later behavioral analysis. The members of the committee 
are trained in behavioral analysis and will take notes during your speech, but don’t let 
that bother you. You should try to leave the best possible impression, and assume the role 
of the applicant for the duration of the speech as best you can. The committee will 
reserve the right to ask follow-up questions in case of uncertainties to receive all 
necessary information from you. 
 
Following your speech, which is supposed to take five minutes, you will then be given a 
second task by the committee, which will be explained to you by the committee. That task 
will take about five minutes again. Your written notes cannot be used during the speech. 
Once you begin your speech, please remain as still as possible. Do you have any 
questions?” 
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APPENDIX B 

PROFILES OF MOOD STATES (POMS) SELF-REPORT COMPLETED BY 
TARGETS 
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APPENDIX C 

PERCEIVED STRESS SCALE (PSS) COMPLETED BY TARGETS 
 

The questions in this scale ask you about your feelings and thoughts during the last 
month. In each case, you will be asked to indicate how often you feel or thought a certain 
way. Although some of the questions are similar, there are differences between them and 
you should treat each one as a separate question. The best approach is the answer each 
question fairly quickly. That is, don’t try to count up the number of times you felt a 
particular way, but rather indicate the alternative that seems like a reasonable estimate.  
 
For each question chose from the following alternatives:  
 
0. Never 
1. Almost Never 
2. Sometimes 
3. Fairly Often 
4. Very Often 
 
Questions:  

1. In the last month, how often have you been upset because of something that 
happened unexpectedly?  

2. In the last month, how often have you felt that you were unable to control the 
important things in your life?  

3. In the last month, how often have you felt nervous and “stressed”? 
4. In the last month, how often have you dealt successfully with irritating life 

hassles?  
5. In the last month, how often have you felt that you were effectively coping with 

important changes that were occurring in your life?  
6. In the last month, how often have you felt confident about your ability to handle 

your personal problems?  
7. In the last month, how often have you felt that things were going your way?  
8. In the last month, how often have you found that you could not cope with all the 

things that you had to do?  
9. In the last month, how often have you been able to control irritations in your life?  
10. In the last month, how often have you felt that you were on top of things? 
11. In the last month, how often have you been angered because of things that 

happened that were outside of your control?  
12. In the last month, how often have you found yourself thinking about things that 

you had to accomplish?  
13. In the last month, how often have you been able to control the way you spend 

your time?  
14. In the last month, how often have you felt difficulties were piling up so high that 

you could not overcome them?  
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APPENDIX D 

ITEMS COMPLETED BY OBSERVERS 
 

General Stress Items 
Based on what you observed, please rate how the target felt on the following items. 
During this task...  
 
[Items 1 thru 15 were rated on a scale ranging from 1 (not at all) to 7 (very much). Item 
16 was rated on a scale ranging from 1 (slower than the average person) to 7 (faster than 
the average person).]  
1. How stressed do you think this person felt?  
2. How much do you think this person was feeling physical symptoms of stress (e.g., 

racing heart, sweaty/hot flashes)? 
3. Do you think the person felt more stressed as the task went on? 
4. Do you think the person felt less stressed as the task went on? 
5. How evaluated do you think that this person felt? 
6. How much more stressed do you think that this person felt during this task in 

comparison to how stressed you think this person usually feels? 
7. How confident do you think this person felt? 
8. How much were you able to feel what this person was feeling?  
9. How seriously do you think this person took this task? 
10. How much were you able to identify with how this person was feeling? 
11. How difficult do you think that this person found the task? 
12. In general, how much do you like this person? 
13. In general, how stressed do you think this person feels in his/her everyday life? 
14. In general, how similar do you think that your personality is to this person’s 

personality? 
15. In general, how accurate do you feel your perceptions of this person were? 
16. How quickly do you think this person will recover following this task? 
 
Perceived Stress Scale (PSS) 
Based on everything you have observed about this person, please rate how you think this 
person eels in general about his or her life – That is, how do you think this person feels 
about him/herself overall? 
 
[All items were rated on a scale with the following anchors: never, almost never, 
sometimes, fairly often, very often.]  
17. How often does this person feel that he or she is unable to control the important 

things in his or her life?  
18. How often does this person feel confident about his or her ability to handle his or her 

personal problems?  
19. How often does this person feel that things are going his or her way?  
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20. How often does this person feel that difficulties are piling up so high that he or she 
cannot overcome them?  

 
Profiles of Mood States (POMS) 
Below are a variety of words that describe feelings that people have. Please read each 
word carefully. Then, select the number of the response that best describes how the 
person in the video felt… FOLLOWING THE ENTIRE ACTIVITY, WHICH LASTS 
ABOUT 10 MINUTES AND INVOLVES A 5-MINUTE MATH PERFORMANCE TASK 
FOLLOWING THE 5-MINUTE SPEECH, OF WHICH YOU SAW A SEGMENT. (Thin-
Slice Arm) or FOLLOWING THE ENTIRE ACTIVITY (Full-Length Arm).  
 
[All items were rated on a scale with the following anchors: not at all, a little, moderately, 
quite a bit, extremely.]  
 

1. Tense 
2. Angry 
3. Worn out 
4. Lively 
5. Confused 
6. Shaky 
7. Sad 
8. Active 
9. Grouchy 
10. Energetic 
11. Unworthy 
12. Uneasy 
13. Fatigued 
14. Annoyed 
15. Discouraged 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

16. Nervous 
17. Lonely 
18. Muddled 
19. Exhausted 
20. Anxious 
21. Gloomy 
22. Sluggish 
23. Weary 
24. Bewildered 
25. Furious 
26. Efficient 
27. Full of pep 
28. Bad-tempered 
29. Forgetful 
30. Vigorous  
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APPENDIX E 

MODERATING EFFECT OF TARGET DEPRESSION SYMPTOMS (BDI) ON 
THE ASSOCIATION BETWEEN SR TENSION 0 MIN (IMMEDIATELY) POST-

TSST AND IL-641 
 

 
 

 
 

                                                
41 Interaction significant at high (+1 SD) levels of BDI such that among targets endorsing 
greater levels of depressive symptoms, those who reported less (-1 SD) tension evidenced 
significantly greater IL-6 than those who reported more (+1 SD) tension at each 
measurement occasion (p < .001). 
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APPENDIX F 

INTRACLASS CORRELATIONS (ICC[2,K]) FOR PROFILES OF MOOD 
STATES (POMS) ITEMS BY OBSERVER CONDITION 

 
Label Item 13AV 30V 30AV 30A 
POMS1 Tense .69 .54 .75 .73 
POMS2 Angry .72 .09 .22 -.05 
POMS3 Worn out .67 .46 .49 .62 
POMS4 Lively .64 .73 .69 .81 
POMS5 Confused .75 .30 .48 .51 
POMS6 Shaky .77 .61 .69 .72 
POMS7 Sad .62 .45 .42 .42 
POMS8 Active .57 .67 .73 .73 
POMS9 Grouchy .72 .24 .04 .31 
POMS10 Energetic .69 .70 .74 .79 
POMS11 Unworthy .76 .39 .67 .66 
POMS12 Uneasy .77 .49 .75 .77 
POMS13 Fatigued .71 .21 .29 .56 
POMS14 Annoyed .79 .22 .30 .33 
POMS15 Discouraged .81 .59 .75 .74 
POMS16 Nervous .77 .56 .69 .77 
POMS17 Lonely .58 .37 .47 .13 
POMS18 Muddled .71 .41 .56 .61 
POMS19 Exhausted .75 .11 .15 .58 
POMS20 Anxious .75 .54 .65 .71 
POMS21 Gloomy .68 .34 .36 .50 
POMS22 Sluggish .74 .36 .24 .57 
POMS23 Weary .66 .30 .58 .54 
POMS24 Bewildered .60 .14 .45 .51 
POMS 25 Furious .30 .01 .00 -.06 
POMS26 Efficient .77 .71 .80 .77 
POMS27 Full of pep .70 .68 .73 .77 
POMS28 Bad-tempered .67 .01 .00 .09 
POMS29 Forgetful .74 .73 .70 .79 
POMS30 Vigorous .58 .57 .47 .63 
ALL POMS AVERAGE .69 .50 .59 .61 

Note. 13AV = Full length, full video condition; 30V = Thin-slice, silent video condition; 30AV = Thin-
slice, full video condition; and 30A = Thin-slice, sound only condition. 
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APPENDIX G 

CUE VALIDITY CORRELATIONS: CORRELATIONS AMONG CERT 
VARIABLES, TARGET GENDER, TARGET BMI, AND SR TENSION POST-

TSST 
 
Cue / Emotion Cue Descriptor Target BMI Gender  post-TSST 
CERT Emotion     
   Anger - -.09 -.16 .10 
   Contempt - -.41** .16 .06 
   Disgust - .27 .06 .01 
   Fear - .13 .27* .04 
   Joy - -.20 .13 -.11 
   Sad - .11 -.04 -.04 
   Surprise - .08 -.02 -.09 
   Neutral - .05 -.25* .07 
CERT Combination     
   AU 1 + 1 + 4 Distress brow .26* .12 -.09 
   AU 1 + 2 + 4 Fear brow .11 .03 -.14 
CERT AU Code     
   AU 1 Inner brow raise .19 -.12 -.25* 
   AU 2 Outer brow raise .17 .06 -.22* 
   AU 4 Brow lower .12 -.03 .09 
   AU 5 Eye widen -.17 .00 .13 
   AU 6 Cheek raise -.06 .02 -.11 
   AU 7 Lid tighten .07 .11 .12 
   AU 9 Nose wrinkle .19 .17 -.03 
   AU 10 Lip raise .20 -.31** -.13 
   AU 10 L Lip raise – left .02 -.28** -.01 
   AU 10 R Lip raise – right .10 -.18 -.01 
   AU 12  Lip corner pull -.17 .19 -.06 
   AU 12 L Lip corner pull – left -.11 .04 .05 
   AU 12 R Lip corner pull – right -.13 -.09 -.07 
   AU 14 Dimpler -.34** .01 -.11 
   AU 14 L Dimpler – left -.01 .09 -.21* 
   AU 14 R Dimper – right -.10 .25* -.15 
   AU 15 Lip corner depressor .16 .00 -.18 
   AU 17 Chin raise .02 .13 .01 
   AU 18 Lip pucker .05 -.10 .01 
   AU 20 Lip stretch -.05 .45** -.03 
   AU 23 Lip tighten .04 -.06 -.11 
   AU 24 Lip presser -.10 .08 -.04 
   AU 25 Lips part .07 .21* -.11 
   AU 26 Jaw drop -.15 .13 -.04 
   AU 28 Lips suck -.20 .18 -.02 
   AU 45 Blink eye closure -.09 .28** -.17 
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APPENDIX H 

CUE VALIDITY CORRELATIONS: CORRELATIONS AMONG THE FACS 
VARIABLES, TARGET GENDER, TARGET BMI, AND 0 MIN POST-TSST 

 
Action Unit (AU) / 
Combination Cue Descriptor Target BMI Gender  0 min 

 post-TSST 
AU 1 Inner brow raise -.24* .10 .02 
AU 2 Outer brow raise .04 -.24* .11 
AU 4 Brow lower .04 -.19 .06 
AU 7 Lid tighten .05 .00 .07 
AU L10 Unilateral upper lip raiser .19 -.23* .09 
AU 12 Lip corner depress -.24* -.07 .16 
AU 14 Dimpler -.18 -.29* -.03 
AU L14 Unilateral dimpler .19 .00 -.01 
AU 15 Lip corner depress .14 -.11 -.12 
AU 17 Chin raise .08 .11 -.13 
AU 18 Lip pucker -.05 -.05 -.12 
AU 20 Lip stretch .15 -.02 .00 
AU 24 Lip press -.04 -.10 .01 
AU 61 Eyes turn left .14 -.13 .01 
AU 63 Eyes up .06 -.02 -.15 
AU 1+2 Raised full brow .00 .02 .31** 
AU 1+2+4 Brow furrow, eyebrow raise .15 -.04 -.09 
AU 1+4 Oblique furrow, inner brow raise .19 .08 -.03 
AU 6+12 Cheek raise, lip corner puller -.07 -.14 .04 
AU 14+17 Dimple, chin raise -.19 .14 -.02 
AU 14+24 Dimple, lip press -.16 -.09 -.14 
AU 17+24 Chin up, lip purse -.11 .05 .07 
AU 25+26 Lip part, jaw drop .07 .14 -.02 
AU 15+17 Full frown .16 -.15 -.11 
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APPENDIX I 

CUE VALIDITY CORRELATIONS: CORRELATIONS AMONG OBSERVABLE 
TARGET BEHAVIOR (CODED INDEPENDENTLY BY TWO RAS) AND 

TARGET GENDER, BMI, AND SR TENSION 
 

Behavioral Item Target BMI Gender Target SR Post-TSST 
Eye contact avoidance .10 -.05 .06 
Lip smacker .14 -.20 -.23* 
Head nodding .01 .12 .06 
Many verbal non-fluencies .15 -.02 .05 
Eyebrow furrow .14 -.15 -.16 
Eyebrow raise -.14 .10 -.09 
Look up .13 -.11 .11 
Head tilt -.13 .17 -.21* 
Exaggerated swallow -.14 -.10 .01 
Unilateral facial twitch .06 -.01 .14 
Lip purse -.08 -.08 .12 
Lip lick -.04 .07 .01 
Apologizes -.03 .06 .08 
Nervous laughter -.03 .01 .09 
Head movement -.22* .26* -.02 
* p < .01  ** p < .05 
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APPENDIX J 

CUE VALIDITY CORRELATIONS: CORRELATIONS AMONG THE CERT 
VARIABLES AND TARGET PHYSIOLOGY 

 
 Target Physiology 

CERT Items Peak SBP Δ SBP Peak 
RSA Δ RSA Peak IL-6 Δ IL-6 

AU 1 .11 .05 -.01 -.04 -.01 .04 
AU 2 .09 .00 -.04 -.04 -.07 .00 
AU 4 -.04 -.04 -.24 -.29* -.02 -.03 
AU 5 .07 .12 -.04 .03 -.11 -.07 
AU 6 -.11 -.17 -.14 -.07 .18 .07 
AU 7 .15 -.01 -.14 -.16 .12 .10 
AU 9 -.08 -.17 -.07 -.14 .12 .07 
AU 10 .05 -.02 -.10 -.09 .15 .21 
AU L10 -.01 .17 .24 .22 -.12 -.07 
AU R10 -.11 -.12 .06 .04 -.08 -.01 
AU 12 .16 .15 .18 .13 .05 .17 
AU L12 .07 .22* .26* .18 -.08 -.05 
AU R12 .05 .04 -.16 -.09 -.08 -.04 
AU 14 .08 .10 .04 .03 -.01 .05 
AU L14 -.06 -.07 -.34** -.30* .21 .07 
AU R14 -.03 .08 -.18 -.15 .16 .06 
AU 15 -.19 -.14 -.19 -.23 -.11 -.08 
AU 17 .10 .16 .12 .07 .00 -.01 
AU 18 -.05 .02 -.12 -.11 .01 -.05 
AU 20 .11 -.02 -.05 -.01 .06 .06 
AU 23 -.03 .00 -.18 -.22 .10 .09 
AU 24 .04 .14 .03 -.04 .18 .17 
AU 25 -.10 -.15 -.16 -.15 -.04 -.01 
AU 26 .03 -.05 .16 .09 .05 .05 
AU 28 .03 .10 .29* .24 .13 .08 
AU 45 -.15 -.07 .05 .12 .09 .01 
AU 1 + 1 + 4 -.08 -.05 -.13 -.26* .08 .08 
AU 1 + 2 + 4 .02 -.09 -.09 -.18 -.06 -.02 
Anger .04 .14 -.21 -.16 -.03 -.05 
Contempt -.07 .15 .36** .27* -.12 -.11 
Disgust -.11 -.15 -.19 -.14 .22 .12 
Fear -.11 -.11 -.24 -.24 -.16 -.13 
Joy .06 .14 .25* .17 -.10 -.03 
Sad .11 .07 -.24 -.20 .08 -.01 
Surprise -.08 -.17 -.11 -.04 -.02 .08 
Neutral .08 -.03 .18 .17 .01 .02 

* p < .01  ** p < .05 
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APPENDIX K 

CUE UTILIZATION CORRELATIONS: CORRELATIONS AMONG TARGET 
FACIAL BEHAVIOR AS CODED BY THE CERT, AND 13AV, 30V 

 
 Observer-ratings of Target Tension and Stress, Conditions 13AV and 30V 
Condition 13AV 30V 
 1 2 3 4 5 6 1 2 3 4 5 6 
CERT Emotion            
 Anger .22* .15 .19 .13 .21* .01 .19 .22* .20 .15 .22* .25* 
 Contempt -.07 -.05 -.03 -.05 -.03 -.04 .16 .03 .01 .04 .01 -.02 
 Disgust -.02 .04 -.01 -.01 .00 .05 -.15 -.11 -.14 -.12 -.01 -.10 
 Fear -.03 -.04 .00 -.05 -.01 -.09 .13 .10 .17 .12 .06 .09 
 Joy -.26* -.26* -.20 -.24* -.26* -.19 -.05 -.16 -.12 -.12 -.23* -.21* 
 Sad .18 .21* .20 .19 .18 .22* -.06 -.05 -.02 -.02 -.06 -.04 
 Surprise .15 .12 .09 .10 .14 .09 .02 .09 .13 .08 .08 .09 
 Neutral .05 .01 -.01 .06 .01 .00 .01 .09 .05 .07 .11 .15 
Combined AUs            
 AU 1+1+4 .02 .04 .03 -.02 .03 .05 -.05 -.09 -.12 -.10 -.06 -.09 
 AU 1+2+4 .04 .05 .06 .02 .02 .05 .02 .06 .11 .08 .03 .05 
CERT AU 

Code 
            

AU 1 .27** .26* .27* .25* .23* .23* -.08 -.06 -.04 -.06 -.07 .04 
AU 2 .21* .27** .26* .24* .23* .24* -.09 .01 .04 .01 -.01 .08 
AU 4 .17 .14 .16 .11 .13 .08 .07 .07 .07 .06 .09 .05 
AU 5 .15 .02 .08 .06 .12 -.12 .20 .10 .08 .07 .09 .08 
AU 6 -.04 .07 .01 -.01 .03 .09 -.12 -.09 -.12 -.09 -.01 -.10 
AU 7 -.12 -.11 -.12 -.10 -.16 -.09 -.21* -.14 -.21* -.21* -.13 -.11 
AU 9 -.06 -.11 -.14 -.14 -.12 -.10 -.10 -.14 -.19 -.19 -.10 -.10 
AU 10 -.04 -.08 -.08 -.04 -.12 -.08 -.17 -.09 -.19 -.18 -.05 -.07 
AU L10 -.28** -.25* -.20 -.24* -.23* -.17 .02 -.05 .02 .01 -.12 -.10 
AU R10 -.31** -.35** -.34** -.32** -.32** -.25* -.01 -.06 .01 .02 -.13 -.08 
AU 12 -.19 -.27** -.27** -.21* -.27** -.21* -.10 -.08 -.10 -.06 -.13 -.06 
AU L12 -.04 -.04 -.01 -.06 -.05 -.01 -.05 -.14 -.18 -.18 -.17 -.13 
AU R12 -.05 .03 .00 -.03 .04 .11 -.03 -.10 -.04 -.08 -.15 -.12 
AU 14 -.04 .01 .00 -.02 .02 .00 -.12 -.08 -.05 -.04 -.13 -.09 
AU L14 .09 .22* .18 .14 .21* .18 -.16 -.05 -.08 -.11 -.05 .00 
AU R14 .08 .20 .14 .13 .17 .27** -.10 -.14 -.16 -.13 -.11 -.13 
AU 15 -.06 -.01 .01 .02 -.03 -.06 -.02 -.11 -.10 -.08 -.13 -.14 
AU 17 -.16 -.18 -.13 -.16 -.19 -.13 -.07 -.15 -.14 -.16 -.15 -.16 
AU 18 .02 -.04 .01 .01 -.02 -.10 .11 .02 .02 -.01 .10 -.04 
AU 20 .10 .13 .13 .11 .17 .12 -.04 .06 .04 .04 .05 .08 
AU 23 .03 .13 .14 .06 .12 .15 -.09 -.08 -.12 -.15 -.04 -.04 
AU 24 .27** .40** .40** .28** .38** .37** .02 .00 -.05 -.06 .02 .02 
AU 25 .00 .01 .01 -.03 .04 -.02 -.09 -.05 -.02 -.04 -.02 -.11 
AU 26 .09 .05 .06 .05 .02 .04 -.10 -.17 -.21* -.17 -.16 -.17 
AU 28 .17 .16 .16 .15 .13 .19 .02 -.08 -.14 -.10 -.07 -.06 
AU 45 -.09 .00 -.05 -.07 .02 .05 -.03 -.08 -.02 -.03 -.11 -.11 

* p < .01  ** p < .05 
Note. Horizontal variable labels: 1 = POMS Tension; 2 = Stress Composite; 3 = How Stressed; 4 = Physical 
Symptoms; 5 = Recover (reverse scored); 6 = Stressed Course Task; AU 1+1+4 = Distress Brow; AU 
1+2+4 = Fear Brow. 
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APPENDIX L 
 

CUE UTILIZATION CORRELATIONS: CORRELATIONS AMONG TARGET 
FACIAL BEHAVIOR AS CODED BY THE CERT AND 30AV, 30A 

 
 Observer-ratings of Target Tension and Stress, Conditions 30AV and 30A 
Condition 30AV 30A 
 1 2 3 4 5 6 1 2 3 4 5 6 
CERT Emotion            
 Anger .23* .26* .22* .26* .22* .21* .12 .14 .15 .11 .11 .13 
 Contempt -.04 -.04 -.03 -.12 -.10 -.10 .02 .01 .03 .00 -.05 .08 
 Disgust -.01 -.02 -.10 -.01 .06 -.01 -.04 -.04 -.04 -.03 .01 -.09 
 Fear .22* .15 .16 .09 .18 .16 .20 .20 .17 .19 .23* .22* 
 Joy -.14 -.23* -.22* -.19 -.25* -.20 -.07 -.12 -.13 -.10 -.13 -.01 
 Sad .05 .06 .06 .09 .09 .04 .03 .08 .09 .08 .08 .01 
 Surprise .14 .11 .13 .10 .11 .12 .03 .06 .00 .06 .08 .01 
 Neutral -.08 .03 .08 .04 -.01 .04 -.05 -.05 -.02 -.06 -.06 -.08 
Combined AUs            
 AU 1+1+4 -.02 -.06 -.10 -.10 .02 -.05 -.02 .00 -.02 .00 .07 .00 
 AU 1+2+4 .11 .06 .08 .03 .09 .03 .02 .07 .06 .07 .10 .04 
CERT AU 

Code 
            

AU 1 -.01 .01 .00 .01 -.01 .11 .01 .05 .02 .09 .08 .04 
AU 2 .05 .05 .08 .04 .02 .08 .05 .09 .04 .10 .12 .06 
AU 4 .19 .15 .08 .13 .20 .13 .13 .16 .17 .16 .18 .14 
AU 5 .09 .11 .09 .13 .03 .12 .01 .01 -.03 .01 .01 .06 
AU 6 .04 .03 -.01 .03 .05 .02 .02 .00 -.02 .01 .02 -.03 
AU 7 -.16 -.12 -.16 -.08 -.06 -.08 -.17 -.17 -.13 -.13 -.13 -.19 
AU 9 -.24* -.23* -.27** -.22* -.18 -.14 -.14 -.19 -.19 -.17 -.18 -.13 
AU 10 -.13 -.07 -.06 -.05 -.01 -.05 -.04 -.06 -.06 -.06 .02 -.11 
AU L10 -.08 -.17 -.15 -.17 -.16 -.15 -.02 -.05 -.04 -.07 -.09 .02 
AU R10 -.07 -.14 -.08 -.15 -.11 -.12 -.09 -.11 -.06 -.10 -.13 -.07 
AU 12 -.07 -.05 -.01 -.03 -.05 -.05 -.06 -.08 -.06 -.07 -.08 -.09 
AU L12 -.09 -.09 -.12 -.12 -.11 -.14 -.04 -.03 .00 .02 -.06 .03 
AU R12 -.03 -.05 -.05 -.10 -.07 -.03 .07 .07 .08 .12 .00 .10 
AU 14 .03 .01 .01 -.04 .00 .02 -.01 -.01 -.05 -.03 .03 -.01 
AU L14 -.05 .04 .01 .01 .10 -.01 -.11 -.04 -.05 -.05 .00 -.16 
AU R14 -.09 -.06 -.11 -.10 -.04 -.07 -.06 -.06 -.06 -.03 -.07 -.12 
AU 15 .14 .04 .02 -.02 .10 .01 .06 .01 -.04 .01 -.02 .10 
AU 17 -.07 -.15 -.17 -.09 -.15 -.12 -.07 -.08 -.12 -.11 -.08 .01 
AU 18 .13 .02 .01 .05 .08 .00 .10 .08 .04 .03 .12 .10 
AU 20 .09 .07 .11 .09 .09 .06 -.05 -.04 -.04 -.09 -.06 -.04 
AU 23 -.05 .00 -.01 -.02 .00 -.05 -.11 -.09 -.12 -.07 -.11 -.10 
AU 24 .04 .07 .02 .02 .01 .05 .06 .08 .05 .06 .04 .09 
AU 25 .12 .01 .00 .02 .08 -.03 -.01 -.04 -.10 -.04 .03 -.05 
AU 26 -.04 -.08 -.08 -.06 -.12 -.10 -.10 -.12 -.19 -.12 -.14 -.06 
AU 28 -.04 -.05 -.09 -.06 -.11 -.07 .00 -.03 -.05 .00 -.05 .04 
AU 45 -.03 -.09 -.10 -.16 -.07 -.06 .15 .10 .12 .09 .08 .10 

* p < .01  ** p < .05 
Note. See APPENDIX K note.  
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APPENDIX M 

CUE UTILIZATION CORRELATIONS: CORRELATIONS AMONG ORT AND 
TARGET FACIAL BEHAVIOR AS CODED BY THE FACS 

 
Action Unit (AU) / 
Combination Cue Descriptor 13AV Stress 13AV Tension 

AU 1 Inner brow raise -.03 -.02 
AU 2 Outer brow raise -.21 -.14 
AU 4 Brow lower -.07 .03 
AU 7 Lid tighten .15 .06 
AU L10 Unilateral upper lip raiser -.18 -.07 
AU 12 Lip corner depress -.22* -.17 
AU 14 Dimpler -.07 -.06 
AU L14 Unilateral dimpler .02 .00 
AU 15 Lip corner depress -.01 .01 
AU 17 Chin raise .24* .21 
AU 18 Lip pucker .08 .07 
AU 20 Lip stretch -.14 -.10 
AU 24 Lip press .19 .14 
AU 61 Eyes turn left .17 .15 
AU 63 Eyes up .22* .15 
AU 1+2 Raised full brow -.10 -.06 
AU 1+2+4 Brow furrow, eyebrow raise .15 .11 
AU 1+4 Oblique furrow, inner brow raise .02 -.06 
AU 6+12 Cheek raise, lip corner puller .01 .01 
AU 14+17 Dimple, chin raise -.04 -.07 
AU 14+24 Dimple, lip press .04 .04 
AU 17+24 Chin up, lip purse -.08 -.02 
AU 25+26 Lip part, jaw drop .05 .03 
AU 15+17 Full frown .09 .09 
* p < .01  ** p < .05 
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APPENDIX N 

CUE UTILIZATION CORRELATIONS: CORRELATIONS AMONG GROSS 
CODING OF TARGET FACIAL BEHAVIOR AND 13AV VARIABLES 

 
 Observer-ratings of Targets, 13AV 

Behavioral Item POMS 
Tension 

Stress 
Composite 

How 
Stressed 

Physical 
Symptoms Recover 

Stressed 
Course 

Task 

Compar
-ison 

Eye contact 
avoidance 

.25* .35** .29** .29** .32** .32** .21* 

Lip smacker -.08 -.08 -.09 -.09 -.04 -.11 -.15 
Head nodding -.23* -.19 -.24* -.22* -.19 -.05 -.14 
Many verbal non-
fluencies 

-.16 -.16 -.16 -.05 -.12 -.23* -.12 

Eyebrow furrow .15 .14 .16 .19 .06 .13 .21* 
Eyebrow raise -.09 -.12 -.10 -.09 -.09 -.03 -.16 
Look up .22* .23* .20 .21 .21 .22* .16 
Head tilt -.37** -.27* -.30** -.34** -.20 -.17 -.26* 
Exaggerated 
swallow 

.05 -.01 .00 .01 .11 -.13 -.10 

Unilateral facial 
twitch 

-.10 -.01 -.02 -.05 -.03 .11 -.09 

Lip purse .19 .11 .12 .13 .23* -.03 .06 
Lip lick .06 .12 .12 .08 .12 .09 .07 
Apologizes -.08 -.03 -.03 -.03 -.03 .05 -.07 
Nervous laughter .16 .14 .17 .20 .20 .03 .13 
Head movement -.34** -.34** -.35** -.34** -.33** -.16 -.31** 

* p < .01  ** p < .05 
Note. Analyses for 30V, 30AV, and 30A are not reported here. 
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